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The following measures are approved as the minimum level of reclamation required under the 
scope of the Record of Decision: 

1. Pit Bottoms 

A Backfill Levels 

Pts will remain as closed basins. Pit 
bottoms will be backfilled to at least 10 
feet above the Dames and Moore 
(1983) projected ground water recovery 
levels as indicated below. A schematrc 
diagram is shown in the FEIS, Appendix 
A (Figure A-1, DOl Proposal). 

Proposed Minimum 
Pit Backfill Levels 

Jackpile 
North Paguate 
South Paguate 
South Paguate 
(SP-20) 

5939' 
5958' 
5995' 
6060' 

A groundwater recovery level monitoring 
program will be implemented. 
Additional backfill will be added as 
necessary to control ponded water. The 
duration of the monitoring program will 
be a minimum of 10 years. 

B. Backfill Materials 

Backfill materials will consist of protore, 
waste dumps H and J, and excess 
material obtained from waste dump 
resloping and stream channel clearing. 
These materials will be covered with 3 
feet of overburden and 2 feet of topsoil 
(i.e., Tres Hermanos Sandstone or 
alluvial material). 

C Stabilization 

All backfill slopes will be reduced to no 
greater than 3:1 (horizontal to vertical). 
Surface water control berms will be 
constructed within pit bottoms to reduce 
erosion and retain soil moisture for plant 
growth. Surface runoff will also be 
directed to small retention basins in the 
pit bottoms. All areas in the pits will 
then undergo surface shaping, topsoil 
application and seeding as outlined 
under "Revegetation Methods" below. 

2 
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D. Post-Reclamation Access 

Human and animal access to pit 
bottoms will be prevented. Livestock 
grazing will be prevented with the use 
of sheep-proof fencing due to the 
uncertainties of predicting radionuclide 
and heavy metal uptake into plants 
(forage). 

2. Pit Highwalls 

A Jack pile Pit Highwall 

The top 15' of highwall will be cut to a 
45 degree slope. All soil and 
unconsolidated material at the top of 
the highwall will be sloped 3 1. The 
highwall will be scaled to remove loose 
debris. A schematic diagram is shown 
in the FEIS, Appendix A (Figure A-7) 

B. North Paguate Pit Highwall 

The top 15' of highwall will be cut to a 
45 degree slope. All soil and 
unconsolidated material at the top of 
the highwall will be sloped 3 1. The 
highwall will be scaled to remove loose 
debris. A schematic diagram is shown 
in the FEIS. Appendix A (Figure A-7) 
Additionally, the highwall will be fenced 
with 6-foot chain link. 

C. South Paguate Pit Highwall 

The top 15' of highwall will be cut to a 
45 degree slope. All soil and 
unconsolidated material at the top of 
the highwall will be sloped 3 1. The 
highwall will be scaled to remove loose 
debris. A schematic diagram is shown 
in the FEIS, Appendix A (Figure A-7) 
Additionally, the highwall will be fenced 
with 6-foot chain link. 

3. Waste Dumps 

Waste dumps H and J will be relocated 
to Jackpile pit as backfill. Most dump 
slopes will be reduced to 3:1 or less 
and the dump slopes will be contour 
furrowed; exceptions are noted in 
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Table 1-4 of the FEIS. Dumps which 
have Jackpile Sandstone on their outer 
surface and any Jackpile Sandstone 
exposed during resloping will be 
covered with 3 feet of overburden and 
16 1nches of topsoil. Dumps that do not 
contain Jackpile Sandstone on their 
outer surfaces will be covered with 18 
inches of topsoil. Berms will be installed 
on all dump crests to control erosion. 
All dump tops will slope slightly away 
from their outer slopes. Dump slopes 
will be contoured so their toes are 
convex to prevent formation of major 
gullies on slopes. Additional surface 
treatment is outlined under 
"Revegetative Methods" below. 
Detailed modifications and treatments 
are presented in Table 1-4 of the FEIS. 
A schematic diagram is shown in the 
FE IS, Appendix A (Figure A-9). 

4. Protore Stockpiles 

All protore will be used as backfill 
material in pit areas. Backfill will be 
covered with 3 feet of overburden and 2 
feet of Tres Hermanos Sandstone or 
alluvial material. 

5. Site Stability and Drainag!2 

A Stream Stability 

All contaminated soils and fill material 
within 100 feet of the Rio Paguate west 
of its confluence with the Rio Moquino 
will be excavated and relocated to the 
open pits. For the Rio Moquino, waste 
dumps S. T. U., N and N2 will be pulled 
back 50 feet from the centerline of the 
stream channel. The toes of these 
dumps will be armored with riprap. A 
concrete drop structure will be 
constructed across the Rio Moquino 
approximately 400 feet above the 
confluence with the Rio Paguate. 

B. Arroyo Headcutting 

Arroyos south of waste dumps I, Y and 
Y2, and the arroyo west of waste dumps 
FD-1 and FD-3 will be armored as 
shown in the FEIS, Appendix A (Figure 
A-13). Other headcuts encountered 
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during reclamation will also be 
stabilized by armoring. 

C. Blocked Drainages 

Waste dump J and protore stockpiles 
SP-17BC and SP-6-B will be removed 
to unblock ephemeral drainage on 
south side of minesite. Two blocked 
drainages north of FD-1 and F dumps 
will remain blocked. Remainder of 
minesite, excluding open pits, will drain 
to Rios Paguate and Moquino. 

6. Surface Facilities/Structures 

A Lease No. 1 (Jackpile Lease) 

All buildings on Lease No. 1 will be 
demolished and removed except for 
the Geology building, miner trainer 
center and buildings at Old Shop and 
the Open Pit offices. The land surface 
(except pit highwalls and natural 
outcrops) will be cleared of radiological 
material (e.g., Jackpile Sandstone) until 
gamma readings of twice background 
or less are achieved. These areas will 
then be graded and seeded. 

B. Lease No. 4 

All structures and facilities associated 
with P-1 0 Mine and New Shop, 
including all buildings, roads, parking 
lots. sewage systems, power lines and 
poles will be left. All operational and 
maintenance equipment. including 
tools. machinery, supplies will be 
removed. All permanent structures and 
land surfaces (except pit highwalls and 
natural outcrops) will be cleared of 
radiological material until gamma 
readings of twice background or less 
are achieved. These areas will then be 
graded and seeded. Nonsalvageable 
contaminated buildings and materials 
will be removed to the pits for disposal. 

C. Access Routes 

The four major roads within minesite 
will be cleared of radiological material 
and left after reclamation for post
mining use. These access routes 
include: 1) access road from P-1 0 and 
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New shop to State Highway 279; 2) 
main road through mine; 3) road that 
passes between housing area and North 
Oak Canyon Mesa and then proceeds to 
P-1 0; and 4) road to Jackpile Well No. 
4. All other roads (except on Lease No. 
4) will be removed. These areas will 
then be graded and seeded. 

D. Water Wells 

Jack pile Well No. 4, P-1 0 Well, New 
Shop Well and Old Shop Well, and 3 
wells and their associated sheltering 
structures (near housing area) will be 
left. The pumps, riser pipe, wiring and 
water storage tanks will be removed. 
Wells established for future monitoring 
purposes will also be left. All wells will 
be capped to prevent dust, soil and 
other contaminants from entering the 
well casing. 

E. Rail Spur 

The rail spur will be left intact and 
cleared of radiological material until 
gamma readings of twice background or 
less are achieved. Quirk loading dock 
will be demolished and hauled to the 
pits. 

7. Drill Holes 

All drill holes will be plugged according 
to the State Engineer's requirements. A 
5-foot surface concrete plug will also be 
placed in each hole. Any cased holes 
will have the casing cut off at the 
surface. In addition, areas around drill 
holes will be seeded. Any exploration 
roads not wanted by the Pueblo will be 
reclaimed. 

8. Underground Modifications 

A Ventilation Holes 

Vent holes will be backfilled with waste 
material (Dakota Sandstone and 
Mancos Shale) to within 6 feet of 
surface. Surface casing will be 
removed, steel support pins installed in 
walls of vent holes, and sealed with a 6-
foot concrete plug from backfill to 
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surface. Areas around vent holes will 
be contoured and seeded. 

B. Adits and Declines 

A concrete bulkhead will be 
constructed approximately 680 feet 
below portal of P-1 0 decline. The 
decline will be backfilled from bulkhead 
to ground surface with Dakota 
Sandstone and Macos Shale. 
Sufficient material will be placed over 
the portal to allow for compaction and 
settling. The ground surface above the 
buried portal will be sloped and then 
top-dressed and seeded. The Alpine 
mine entry will be bulkheaded and 
backfilled. Mine entries not previously 
plugged by backfilling will be covered. 
Additionally, the H-1 mine adits will be 
bulkheaded and backfilled and the 
adits at the P-13 and NJ-45 mines will 
be backfilled. 

9. Revegetation Methods 

A Top Dresssing 

Following final sloping and grading, pit 
bottoms will be top dressed with 24", 
waste dumps with 18" and all other 
areas within the minesite with 12" of 
material composed primarily of Tres 
Hermanos Sandstone (stockpiled at 
three locations within minesite). In 
order to meet top dressing volume 
requirements for the northern portion of 
the minesite, additional material may 
be obtained from a topsoil borrow area 
in the Rio Moquino floodplain 
comprising 44 acres. For the southern 
portion of the minesite, additional 
topsoil borrow material located east of 
J and H dumps may be needed. 
Following topsoil removal, disturbed 
borrow areas, will be contoured, 
fertilized, seeded and mulched. 

B. Surface Preparation 

After applying top dressing, areas to be 
planted will be fertilized, followed by 
disking to a depth of 8 inches and then 
contour furrowing. 
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C. Seeding and Seed Mixtures 

Before seeding operations begin, the 
entire minesite will be fenced to prevent 
livestock grazing. In most situations, 
seed mixtures will be planted with a 
rangeland drill. Broadcast seeding 
combined with hydromulching may be 
used on inaccessible sites or if 
determined to be more feasible than 
drilling. For both methods, the seed 
mixture will consist mainly of native 
plant species possessing qualities 
compatible with post-grazing use and 
adapted to local environment (Tables 3-
10 and 3-11, FE IS). Following drill 
seeding, straw mulch will be applied at 
about 2 tons per acre, and crimped into 
place with a notched disk. 

D. Revegetation Success 

Using the Community Structure Analysis 
(CSA) or comparable method, plant 
establishment will be considered 
success when revegetated sites reach 
90 percent of the density, frequency, 
foliar cover, basal cover and production 
of undisturbed reference areas (but not 
sooner than 10 years following seeding). 
Livestock grazing will be prevented until 
90 percent comparability values are 
met. At the end of the 1 0-year 
monitoring period, if an unsuccessful 
trend is shown retreatment may be 
necessary to achieve success criteria. 
In the pit bottoms, vegetation will be 
sampled annually for radionuclide and 
heavy metal uptake. 

10. Monitoring 

The monitoring period will vary for each 
parameter. Existing monitoring activities 
to be continued will include: 
meteorologic sampling, air particulate 
sampling, radon sampling (ambient), 
radon exhalation sampling, gamma 
survey, soil and vegetation sampling, 
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water monitoring and subsidence. In 
addition, the monitoring progmm will be 
expanded to include: radon daughter 
levels (working levels) in any remaining 
mine buildings and ground water 
recover levels/salt build-up in the open 
pits. The ground water monitoring 
period will be of sufficient duration to 
determine the stable future water table 
conditions. Refer to Table 1-5 of the 
FEIS for details of the monitoring plan 
as described under the Preferred 
Alternative. 

11. Security 

Control of minesite access and security 
will continue during reclamation and 
monitoring activities. However, 
security during monitoring phase will 
require cooperation from Pueblo of 
Laguna and BIA to prevent livestock 
grazing on revegetated sites. 

12. Reclamation Completion 

Reclamation will be considered 
complete when revegetated sites reach 
90 percent of the density, frequency, 
foliar cover, basal cover and production 
of undisturbed reference areas (but not 
sooner than 10 years following 
seeding). In addition, gamma radiation 
levels must be no greater than twice 
background over the entire minesite. 
Outdoor radon - 222 concentrations 
must be no greater than 3pCI/I. Radon 
daughter levels (Working Levels) in any 
remaining surface facilities must not 
exceed 0.03WL. 

13. Post-Reclamation Land Uses 

Limited livestock grazing, light 
manufacturing, office space, mining 
and major equipment storage will be 
allowed. Specifically excluded are 
habitation and farming. 
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I. BACKGROUND AND OVERVIEW 

OAS Systems Corporation (OAS) was tasked by the Pueblo of Laguna to perform an 
independent, third-party review and assessment of the overall conformance of 
reclamation activities carried out at the Jackpilc-Paguate Mine (the "site") to those 
specific requirements as put forth in the site's 1986 Record of Decision (ROD) 
( "Jackpile Paguate Uranium Mine Reclamation Project Record olf)ecision ",U.S. 
Department of the Interior, December 1986 ). 

The Jackpile-Paguate Mine was primarily a multiple open-pit (3 pits) uranium mining 
operation developed on Pueblo of Laguna lands by the Anaconda Mining Company 
(previously Anaconda Copper Company). In late 1952, Anaconda negotiated 
exploration agreements and mining leases with the Laguna Indian Reservation, and 
mining commenced in 1953 at the Jackpile open pit with operations subsequently 
expanding to include the North Paguate and South Paguate pit areas. Mined ore was 
transported approximately forty miles northwest to Anaconda's Bluewater Mill 
(northwest of Grants). In addition to open pit mining of uranium ore, Anaconda also 
conducted limited underground development and, circa 1969-70, pilot-scale applications 
of in situ uranium leaching utilizing sulfuric acid. At one time. the Jackpile-Paguate 
Mine was the largest open-pit uranium mine in the world. It produced 24 million tons of 
uranium ore. Four hundred million tons of rock was moved during the mining 
operation. Approximately 3,000 acres of the 7,000 acres leased were disturbed. 
Approximately 2,700 acres were reclaimed. Mining at the Jackpile-Paguate Mine was 
terminated in 1982 due to depressed uranium prices. Reclamation of the mine site 
commenced in 1990. Features such as roads, rivers, fence lines, dumps and monitoring 
points were added to a 2003 aerial photograph and a 1995 topographic base map to 
create Exhibits 1 and 2, respectively. These exhibits will be referenced frequently in this 
report. 

II. RECORD OF DECISION REQUIREMENTS 

The need for reclamation of the mine was identified in the ".lackpile-l'aguate Uranium 
Mine Rec/amationl'roject Final Environmental Impact Statement", Volumes 1 and 2 
(FEIS), completed in Oetoberl986. The subsequent "Jackpile-l'aguate Uranium Mine 
Reclamation Project Record of Decision" (the ROD) was jointly issued by the U.S. 
Department of Interior's Bureau of Land Management (BLM) and the Bureau of Indian 
Affairs (BIA), respectively, in December 1986. The ROD evolved primarily from 
analyses and findings detailed within the October 31, 1986 FEIS f(Jr the site, as prepared 
by BLM and BIA and filed with the U.S. Environmental Protection Agency (EPA). 
However, consideration of public comment and subsequent technical discussion and 
analyses among BLM and BIA specialists also contributed to defining the "preferred 
alternative'' (and subsequently, the ROD). As a result, the ROD-specified "preferred 
alternative" represented a combination of reclamation procedures that best reflected or 
achieved the intent of the ROD ''Decision Factors", more appropriately described as site 
reclamation objectives. The Decision Factors, in order of importance, were stated in the 
ROD to include the following: 
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• Ensure human health and safety: 
• Reduce the releases of radioactive clements and radionuclei to as low as 

rcaso11ably achievable: 
• Ensure the integrity of all existing culturaL religious, and archeological sites; 
• Return the vegetative cover to a productive condition comparable to the 

surrounding area; 
• Provide for additional land uses that arc compatible with other reclamation 

objectives and that arc desired by the Pueblo of Laguna; 
• Eliminate the need f(Jr post-reclamation maintenance; 
• Blend the visual characteristics of the mine site with the surrounding terrain: and, 
• Employ the Laguna people in efforts that afford them opportunities to utilize 

their skills or train them as appropriate, 

In general, the "preferred alternative" reclamation plan incorporated the following 
components: (i) backfilling of open pit areas to at least ten feet above projected 
groundwater recovery levels using protore and waste rock dump material:. (ii) slope 
reduction on the upper fifteen feet of pit highwall slopes; (iii) rccontouring and covering 
of remaining waste rock dumps; (iv) completion of arroyo drainage improvements and 
erosion controls; (v) decontamination of those structures to remain, and 
removal/disposal of all non-essential structures; (vi) plugging and bulkhcading of 
underground ventilation raises and decline portals, respectively; (vii) reclamation of 
miscellaneous features such as wells, access roads, rail spur, drill holes, etc,; (viii) site 
wide revegetation of disturbed areas; and, (ix) provision of site security and long-term 
monitoring of reclamation success for a period of not less than ten years, 

Following successful negotiation of agreements with the Anaconda Mining Company 
(the prior operator of the Jackpile-Paguate Mine) and the U.S, Department oflnterior, 
Bureau oflndian AfLrirs (as Trustee), the Pueblo of Laguna accepted the terms and 
conditions as described in the "Cooperatir•e Agreement Pursuant to "638 ", adopted on 
March 24, 1987, to Perform the Management, Coordination, and Administration of the 
Jackpile-Paguatc Reclamation Project on the Laguna Indian Reservation, Cibola County, 
New Mexico ("Pueblo ofLaguna, Reclamation Project Agreements, Section]
Cooperative Agreement between the Bureau oj1ndian "1jjc1irs and the Pueblo of 
Laguna" [Cooperative Agreement Pursuant to "638''], December 5, 1986. Thus, the 
Pueblo of Laguna was authorized to conduct all aspects of site reclamation at the 
Jackpile-Paguate Mine. 

The Board of Directors f(lr Laguna Construction Company (LCC) was established in 
June 1988 to reclaim the Jackpilc Mine. Of1icers and key personnel were hired in late 
I 988 through early 1989. Approximately I 0 million dollars worth of equipment was 
purchased for the project. The Jackpile reclamation began on August 15, 1989 and 
completed on December 31, 1995, one year ahead of schedule at a cost of approximately 
45 million dollars. 

As described above, the ROD prescribed specific actions to be carried out with respect 
to the various mine features. These actions were to be followed by site-wide 
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revegetation of disturbed areas. Under the terms in the ROD, Section 12, Reclamation 
Completion, reclamation is to be considered complete when "revegetated sites reach 90 
percent oj'the density, ji-equency,.fiJ/iar co1•er. basal cm•er. and production of' 
undisturbed reference areas (but not sooner than I 0 year.\'fiillowing seeding). In 
addition. gamma radiation lel'Cis must be no greater than twice hackground m•er the 
entire mine site. Outdoor radon-222 concentrations must be no greater than 3 pico 
Curies/liter. Rae/on daughter levels (i.e .. working le1·els or "TYL ") in any remaining 
sur/(!ce.fi" ilities must not exceed 0. 0.03WL." 

III. OAS APPROACH 

Since there was no formal regulatory reporting during the reclamation and post-closure 
monitoring period, the first OAS endeavor was to assess and organize available data on 
the reclamation and monitoring activities. This was done by an initial site visit to the 
Laguna Pueblo to: 

• meet with the Pueblo representatives ; Governor Roland Johnson, Chief of 
Operations Jim Hooper, and Environmental Manager Barbara Cywinska
Bernaeik to formalize the scope of the project; 

• meet with Jackpile ~-Paguate Mine Reclamation Project participants: BIA- AI 
Sedik and Laguna- Marvin Sarracino; 

• review the available project documents; and 
• tour the project site. 

Prior to the meeting, OAS developed a matrix of ROD requirements versus likely data 
sources (Appendix A, Table A-I). Many of these sources proved to be unavailable. The 
Laguna Construction Company (LCC) organized its documentation around construction 
activities and work unit closeouts in order to justify progress payments. Without 
required periodic regulatory reporting requirements. there was no impetus to organize 
documentation around environmental requirements outlined in the ROD. Although, the 
Jacobs Engineering Group, Inc., "Jackpile Project, Final Environmental Monitoring 
Plan", August 1989 (Jacobs Environmental Monitoring Plan) provided for annual 
Environmental Reporting, only a single annual report ( 1996) was found (Pueblo of 
Laguna, Reclamation Project Manager, "Jackpile Reclamation Project. Pueblo ol 
Laguna, New Mexico. Annual Report", 1996). Likewise, only a single quarterly report 
was located ("Jackpile Reclamation Project, Pueblo oj'Laguna, New Mexico, 
Environmental Monitoring and Regulato1y Compliance, Status Report No. 20 ", 
December, I 994-February, 1995). A tactical modification was made to try to piece 
compliance through other sources that included raw lab and field data, construction 
work unit reports and letter authorizations, field inspections and photographs, and verbal 
testaments of activities by project personnel. 
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SUBSTANTIATING ROD COMPLIANCE 

PRIMARY- (1) Review Field and Lab Data 

1 
PRIMARY- (2) Review Documents (Letters, 

Monthly Reports, and other Reports) 

t 
SECONDARY- (3) Check Work Unit Sign-offs 

and Approved Expenditures 

1 
SECONDARY- (4) Review Photographs 

(Aerials and others) 

J 
TERTIARY- (5) Gather Statements from 

Project Professionals 

As with most construction projects, a work breakout schedule was established, which 
quantified construction activities. There were approximately 300 work items tracked. 
Physical locations that were called out one way in the EIS and ROD were broken down 
into sub areas and renamed to match the Reclamation Project work breakout. OAS 
reviewed the EIS maps and compared those to the maps within the Project Status Report 
and devised a comparative table to identify work areas to EIS designated areas 
(Appendix A, Table A-2). OAS also generated a matrix that relates the work units to the 
ROD areas (Appendix A, ·rablc A-3). 

The monthly reclamation Project Status Reports were submil!ed to the POL throughout 
the reclamation period. There arc 71 Project Status Reports, which arc organized around 
work items. These reports contained maps of' various work areas, percent completion 
within the work areas, photos of' noteworthy activities, problems idcntilied, change 
orders, and work item closeouts. 

There arc discussions within the Project Status Reports of' design changes and variations 
that "meet the intent o/the ROD". These arc generally in the form of letters of 
transference of a design change or discussion forwarded to the BIA and POL for review 
or approval. The design packages that were actually submitted were not al!ached to the 
Project Status Reports that OAS received. When a reference to a letter of approval was 
discussed in the Project Status Report, it was impossible to link that acceptance to a 
specific design change. There were no letters available with attachments that stated that 
there was a deviation fi-01n the ROD requirement and delineating the accepted change 
with a three party signature. The Change Orders listed were for quantity changes that 
a!Tccted the contract price. 
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As each work item was completed, field inspections by the three agencies (Pueblo of 
Laguna, Bureau of Indian Affairs, and Laguna Construction Company) were conducted 
and all three agencies signed off on each work item, signifying agreement with the 
manner of the work, completeness of the work and payment approval. This is the only 
lcmnal documentation of approvals of work that could be found. Pueblo of Laguna, 
"Jackpile Rec/amationl'rojecl. Pueblo of'Laguna. New Mexico", Volume I of2-
Completed Work Packages, 1989-1991, contains the sign off forms li'omthe 3 agencies 
approving closeout of a work item and payment approval. Volume 2 of 2 was never 
located. To supplement this document, OAS reviewed each Project Status Report and 
logged whether activity took place on that work unit and if it was listed as closed out. 
The matrix tracking the work unit progress is presented in Appendix A, Table A-4. This 
table is used to indicate the approval of the work by the three agencies, each of who had 
a field inspector. Absent more direct documentation, OAS has used the Project Status 
Report summaries to indicate that the parties involved signed off on the work as either 
conforming to the requirements of the ROD or an authorized deviation from the ROD. 

IV. ROD COMPLIANCE 

Most current RODs arc prepared in a manner that specifics certain environmental 
criteria that must be met, but do not specify the methods required to meet the 
environmental goals. The Jackpilc ROD was written in a dilTercntmanner in that it 
spccilied certain engineering approaches that were to be initiated during reclamation, 
which would meet the goal of stability and the protection of human and animal health 
and safety rather than specifying environmental compliance thresholds. Consequently, 
there were some difticultics in determining if compliance with the ROD items was met. 
There were instances in which the Jetter of the ROD was met but the intent was not met. 
Conversely, there were cases in which the letter of the ROD was not met, but the intent 
or goal of the ROD was met. 

For an example of the lirst instance, the ROD specified that an erosion control structure 
was to be installed along the Rio Moquino. The structure was installed as required, but 
the bank below the toe of the waste pile is eroding in spite of the control structure. If the 
erosion continues, the waste pile could be compromised at some time in the future, 
which is contrary to the intent of the ROD. 

There arc also a couple of examples that were evaluated in which the prescribed 
engineering design was not performed, but in which the goal of the ROD was met. The 
first involved an area on the Rio Moquino where a structure designed to prevent 
headcutting was not installed, but the in situ sandstone formation prevented further 
erosion. A second instance where the letter of the ROD was not lcJI!owed but the intent 
was met, was where a gabion drop structure was to be installed on the Rio Moquino at a 
road crossing. The Rio Moquino washed out of its old channel and the rivers' new 
channel does not require an erosion control structure to prevent exposure of the waste 
pile. 
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In generaL the purpose of the OAS evaluation of whether the approach to each ROD 
item was compliant or non-compliant. was to determine whether the intent of the ROD 
was met rather than the letter of the ROD. 

In this section, the ROD is examined point by point fi:1r compliance. Where there is 
direct proof of compliance it is presented and referenced. Where there is deviation fh1m 
the ROD, justification is presented where there is authorization documented or implied 
through contractual signofE;. lfthcre appear to be unauthorized deviations, then 
discussions present potential impacts of the deviation. 

It should be noted that the Reclamation Team recognized that strict compliance to the 
letter of the ROD was not anticipated, as reflected in the following fi-om a May';. 1990 
summary of recommendations that were forwarded to the POL Council and BIA fi:Jr 
approvaL ( "Jackpile Reclanwtion l'roject, Final Design Recommendationsfhr BIA 
Approval", May 9, 1990, pg 2, ,i 4). 

''These ilems are felt to he within the ".1pirit" of'the ROD and consistent with the 
Decision Factors (Page 3 of' the RODj but may not necessari~)l be to the "feller" of' 
some oft he .1pecijics in the ROD Measures. However. enough neH' infimnation has 
become a1'(1i/ab!e /o the re.1ponsible parties on the Project (fi·mn late I 989 to the 
present) which have identified oppor/unilies to heller meet the longer term goals and 
ohjectives in a more cost-effecti\•e way utilizing current industry practice. Many olfhe 
design condirions have changed since the early and mid- I 980 '.1·: field conditions a/ the 
Jackpi!e site hm•e been identified which make compliance H'ith the "feller" of' the ROD 
1'irtual!y unachievable in some cases andfinancial/y burdensome to the POL in others." 

ROD Requirements 
The ROD requirements arc presented in Bold Italics. 

1. PIT BOTTOMS 

A. Backfill Levels: 

I. Pits will remain as closed basins. Pit hoi/oms will be backfilled to at/east 
10 feet above the Dames and Moore (1983) projected growul water 
recovel}' levels as indicated below. A schematic diagram is shown in the 
FEIS, Appendix A (Figure A-1, DO/ Proposal): 

Pit: 
Jackpile 41 
North Paguate 20 
South Paguate 34 
South Paguate 35 

Proposed Minimum Backfill Level: 
5,939 ft. amsl 
5,958 fl. am sf 
5,995 ft. 11111S/ 

6,060 ft. amsl 

The minimum back fill levels can be confirmed by the survey data presented for 
ground elevations at the pit wells. The LCC provided the following survey 
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information for the monitoring wells installed in the North and South Paguate 
Open Pits. Additional wells were installed in the .Jackpilc Pit in April 2007. 

Table 1 
Monitor Well Survey Information 

Based on these provided surveyed finish grade ground elevations at the 
monitoring wells in the Paguate pits, the elevations match or exceed the 
minimum elevations proposed by Dames & Moore in the ROD. 

Conclusions- All monitoring well installation indicate that the minimum 
finished grades were achieved. 

Recommendations -Based on the fact that backfill elevations in all cases mel or 
exceed the minimum proposed backfilllevel(s), tbe ROD objective has been 
achieved. 

2, A groundwater recove1:v level monitoring progmm will be implemented. 
Additional backfill will be added as neces.\"(IIJ' to control ponded water. Tire 
duration of tire monitoring program will be a minimum of 10 years. 

This item requires that monitoring be performed to assure that the ROD 
projections were accurate in predicting groundwater elevation recovery levels. 
There were only four years of groundwater elevation data f(JUnd f{Jr the North 
and South Paguate Pit Wells. The .Jackpile wells were installed in April 2007 
and sampling for 2007 indicates all pit wells, except NP-OP-20W, met the 10-
foot separation required in the ROD. The NP-OP-20W well was found to have a 
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groundwater elevation of less than five feet consistently, as indicated in bold in 
the f(Jllowing table. 

Table 2 
Groundwater Elevations in Pits 

Discussion - From the OAS site inspection, there is a permanent pond/wetland 
area in the North Paguate pit. A photograph of this ponded area is found in 
Appendix B, Photo 13-l. This photo contains the NP-OP-20W well shown ncar 
the ponded area. The water table elevation of that well is not compliant with the 
ROD. The ponding is also evidenced by aerial photos (Appendix E) and 
established wetland vegetation species. Although, the Jacobs Environmental 
Monitoring Plan required that all ponded water within the pits be monitored 
annually for chemical constituents, there was no water quality data f(Jr this 
ponded area. A sample was collected from the NP Pond in 2007 which indicates 
elevated concentrations of radiologicals. These results are discussed in Section 
10-Monitoring. Additional sampling and assessment of this situation will be 
needed to draw conclusions on the risk to humans, wildlife or domestic stock. 

2006 was a very wet year with significant standing water in all three pits for 
most of the summer's duration. 

Conclusions -Based on the fact that there is little elevation data where ten years 
of data arc required and only one sample of the ponded water, accordingly, this 
aspect of site reclamation is considered non-compliant with the requirements of 
the ROD. 
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Recommendations -
• During preparation of this report, OAS made the recommendation that the 

two wells required by the ROD should be installed in the .lackpile Pit. This 
was done in April 2007 

• Water table elevations should be monitored over a number of years to 
determine if the levels have stabilized, or arc increasing or declining in order 
to evaluate whether the 1 0-foot below surfirce requirement is being met. 

• Ponded water. wherever found within the pits, should be collected for 
chemical and radiological analysis. 

·rhcse data can then be used to assess the risk of ponded water. The data can 
then be analyzed to determine if the water is groundwater or surface water and 
whether the chemical constituents or radiological levels present a threat to 
wildlife, domestic stock, or humans. As wetland areas are diverse ecosystems 
that are widely valued, it may be prudent to leave the North Paguate area as a 
wetland if the risk analysis so justiJlcs. If chemical or radiological analysis 
indicates an unacceptable risk, then the ROD requirement to add additional ill! to 
low areas would be warranted. 

B. Back{i{l Materials: 

BacVill materials will consist ofprotore, wa.\le dumps Hand J, and excess 
material obtainedft'omwaste dump res/oping and stream channel clearing. 
These materials will be covered with 3feet of overburden and 2feet of topsoil 
(i.e. Tres llermanos Sandstone or alluvial material). 

Waste Dumps Hand J were not moved into the pits. PerM. Sarracino, their 
volumes were not required and the distance to move them was deemed 
prohibitive. Waste Piles Hand J were sloped/terraced/seeded. Photos B-2 and 
B-3 show stable, vegetated waste piles II and J, respectively. 

Project Status Reports document protorc movements in the North Paguate, 
(Report No. 20), South Paguate (Report No. 26) and Jackpile (Report No. 43) 
Pits. 

Activity codes in group 2E I were authorized for payment for backJlllmovcmcnt. 
·rable A-3, Appendix A, delineates which protorc and waste piles were aniliatcd 
with which work units. Based on the Project Status Reports, backiilling took 
place in the following time fl·ames: 

Jackpilc Pit 
North Paguate Pit 
South Paguate Pit 

May 1991 through December 1994 
November 1991 through April 1991 
September 1990 through September 1991 

There were approved design changes for required cover depths that arc described 
later in Section 3c. 
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Conclusions -Although. Dumps H and J were not moved. there appears to be 
substantial compliance to the ROD. There was suflicient backfill material in 
proximity to the pits that Dumps ll and J volumes were, in fact, not needed. The 
cover, slopes, and vegetation on these waste piles appear to be stable. 

Recommendations- No further activities arc recommended at this time. 

C. Stabilization: 

All backfill slopes will be reduced to no greater titan 3:1 (horizontal to 
vertical). Smface water control berms will be constructed wit/lin pit bottoms to 
reduce erosion and retain soil moisture for plant growth. Swjitce rlllu!{fwi/1 
also be directed to small retention basins in the pit bottoms. All areas in the 
pits will then undergo smface shaping, topsoil application, and seeding as 
outlined under "Revegetationl\1ethods" below. 

1. Sloping 

Project Status Report No. 11. dated June 1990. included remarks relating to 
changes in the sloping requirements listed in the ROD. This includes summary 
milestones (Section 2.4 MILESTONES): 

"Michael Bone, P.E. ofRoy F Wesron, Inc. submirred !he .final design crireria 
.fbr slope heighrs, lengrhs, and terracing .1pecijica/ions." 

"Wafer Mills (Acting Ass/. Secrelwy, Bureau oflndian Af/rtirs. Washing/on. 
D.C.).fimnally approved rhe design changes suhmitred lo George Farris in 
Ml()l 1990. J7Jese design changes will he incmporared info a/ljillure 
planning effi!rls. " 

Project Status Report No. 11 also contains a memorandum (attachment) received 
June 12, 1990 fi·om Acting Assistant Director of Indian AfTairs, Walter Mills 
approving the design changes (pg 2. ,i 2 & 3): 

"On May 15, 1990, a J7elV reclamation design criteria was presented by 
Landmark!VVesronfi)}· 131A approval. This design criteria is important in rhal if 
sers basic design criteria while allowing.fiJr rhe.flexibility neces.\·wy.fi!r the LCC' 
and 1 he Bureau to make some decisions on a case-by-case basis. The re-design 
will also eliminate the long slopes thai are now required and a/the same rime 
result in a more srable slope design. This will also allow the projecr to blend 
more aesrherically wirh rhe surrounding ropography. 

Because we view this as an improvement on the existing design, I herehy approPe 
the criteria setji!rth hy Landmark/Weston on May 15. If there are any questions 
or i(you needjitrlher assistance on !his mailer, please con/act Jl1r. George R. 
Farris a/ Fl~<; 268-4791." 
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Conclusions- There appears to be non-compliance to the letter of the ROD 
requirements in regard to the sloping. But many deviations were approved. It is 
difficult to determine pile by pile what exactly was done according to the ROD 
3: l sloping requirement and/or in accordance with the approved changes. In the 
OAS site inspection, there were no observed problems with the slope grades. 
Although there arc deviations to the ROD, they appear to have met the intent of 
the ROD. 

Some of the long runs of the terracing do appear to cause chronic blow-outs in 
some areas due to the pressure head of water building up along the terrace berm. 
The terracing problem is further discussed in Section 3e of this report. 

Recommendations- There arc no corrective actions recommended 

2. Pit Berms and Retention Ponds 

After reclamation was complete, the pit bottoms were contoured and there is no 
evidence that berms or retention ponds were installed. Therefore, it is unknown 
if that was done during reclamation. 

Conclusions- The pit berms and retention ponds are not believed to be a 
concern for post closure health and environmental risks. 

Recommendations- No further activities arc recommended. 

D. Post-Reclamation Access: 

Human and animal access to pit bottoms will be prevented with the use of 
sheep-proof fencing due to the uncertainties of predicting radionuclide and 
helll:v metal uptake into plants (forage). 

The reclamation construction speci1lcations (Jacobs Engineering Group, Inc., 
"Jackpile Project. Consrrucrion S)Jecificalions ··,August 1989) detailed a 
different type offencing: four strand barbed wire, as shown in the project 
specifications. (Division 2, Sitcwork, Section 02833, Fences and Gates, pg. 2-36) 

"2. 1 MATERiALS 

A. Reusable marerials salva?,ed fi"om demolirion work .1peci(ied in Sec! ion 
02060 shct!l be urilized. ro rhe exrenr pracrica/. in rhe consrrucrion of the 
fi!nce and gates .1peci(ied in this seer ion 

13. Fencinf', shall include posrs, barbed wire, and all appurtenances and 
accessories required(iJr complete installation 

C Barbed wire shall confimn ro the requirements ofASTli1 A 121, and shall 
consist offi!Ur lines of double stranded 12 'h-ga?,e galvanized wire with 
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eirher 2-poinl or 4-poinl barbs .\])(Iced a/ 5-inch inlenals. Galvanizing 
shall he Class 3. 

D. Line post shall he galmnized 1ee. channel, or U-bar shapes, 1.33 pounds 
perfhot. 

E Braces shall be 9-gage wire. twisted to tighten. 

F End, corner. and puil posts shall be 2-inch Schedule 40 galvanized steel 
pipe. or galmnized steel angle section 2 :0 x 2 :0 x 1!, inches. 

U !Jardware for connecting members shall confimn to commercial 
standards. " 

The fencing installed appears to be on the perimeter of the mine site rather than 
the pit bottoms. The fencing is the four strand barbed wire rather than the shccp
prooffcncing called for in the ROD. Photo 13-4 in Appendix B, is a photo taken 
of the fencing as it was installed in September 1990. 

Based on Project Status Report No. 32, March 1992, and sightings during 
inspections of the site in 2006, there appears to be ongoing problems with cattle 
and horses entering the mine site in general, and the Jack pile pit bottom in 
particular. 'fhe existing fencing docs not impede access of domesticated or wild 
animals. 

The OAS 2006 report "Jackpile-l'aguare Uranium Mine l'ost-Reclamalion, Soils 
and Plant Uptake Analysis" concludes that vegetation growing on the reclaimed 
mine presents a minimal potential for hazards to domestic livestock or human 
health due to the low or normal concentrations of metals and radionuclides. 

Based on sampling of the monitoring wells in the North Paguate and South 
Paguate pits, and the newly installed Jackpile wells, there are very high 
concentrations of radionuclides in the groundwater. Similarly, the 2007 
sampling of the NP Pond indicates high concentrations ofradiologicals in that 
surface water feature, which is readily accessible to grazing animals. Limited 
well construction information or water table elevation data were available, so 
conclusions cannot be drawn as to whether the water is surface water in origin, 
perched water, or true groundwater. Further investigation is necessary to 
determine the risk involved fi'01n access by humans or animals. 

Conclusions- There appears to be substantial non-compliance with both the 
letter and intent of this Rod requirement. The fencing is clearly inadequate to 
prevent grazing. Installation of the perimeter fencing was approved in 1989. 
The perimeter fencing cannot be removed and should be maintained. One or two 
additional sampling events need to be conducted in the North Paguate pit. 
Additional backfilling or permanent fence installation at North Paguate may be 
required based on those sampling events. 
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Recommendations- Additional monitoring and risk assessment is required to 
determine if there is any potential for impairment to the natural resources (both 
water and vegetation) that are needed for grazing domestic animals and wildlife. 
Pit bottoms need to be fenced until a recommended risk assessment is completed. 

2. PIT HIGHWALLS 

A. Jackpile Pit High wall: 

The top I5 feet of high wall will be cut to a 45-degree slope. All soil and 
unconsolidated material at the top of the high wall will be sloped 3:1. The 
higlnvall will be scaled to remove loose debris. 

B. North Paguate Pit High wall: 

The top 15 feet of high wall will be cut to a 45-degree slope. All soil and 
unconsolidated material at the top oft he high wall will be sloped 3: I. The 
high wall will be scaled to remove loose debris. Additionally, the high wall will 
be fenced with 6-.foot chain link. 

C. Soutlz Paguate Pit High wall: 

The top 15.feet of high wall will be cut to a 45-degree slope. All soil and 
unconsolidated material at the top oft he high wall will be sloped 3:1. The 
high11•a!l will be scaled to remove loose debris. Additional()', the high wall will 
be fenced with 6-.foot elwin/ink. 

The Jacobs Environmental Monitoring Plan states that blasting to reduce 
highwall slopes will be considered "OPTIONAL" work package items dependent 
on funding and POL desires. 

Work on the highwalls started with the highwalls of the South Paguate Pit. 
There were objections to the blasting fi·om the Paguate Village. Project Status 
Report No. 9, April 1990, references a Seismic Study and Project Status Report 
No. I l, June 1990, a Blast Study documenting damage too many of the buildings 
in the Village. Photos B-5, B-6, and 13-7 in Appendix 13, show present day 
conditions of several of the highwalls. 

There is a two page document entitled ".Jackpile Reclamation Project, Final 
Design Recommendations.fiJr BIA Approval" dated May 9, 1990, which 
summarizes several design variations. A signed copy of approvals and 
authorizations was not found. The following excerpt relates to the highwalls (pg. 
2, ~ l ). 

'?)Some highwalltrimming and scaling is seen as unnecesswy and 
infeasible in some cases due to natural stabili::ation along alluvial material 
(mostly in/he South Paguate-west end) and lack of safe access (places to 

I 3 
()A -~)!Sfems Corpora! ion S'eptemher 2007 



0500024

Jackpilt!-Paguate Uranium Aline 

--···-·~ ····~---·····-- ---~,~-~------------·---------------Re cqr!{_u.LJ2f/...(' isiQ!J_{iJ.!L?J?lh.JJXC(.AS-\"(SS nl_f.}__IJL 

sqjery sirume hem:v equipmenl). Along rhe Jockpile pi! ens! on Gi/1'ilan 
A1esa (where rhe presence of'exlremely compel en/ li·es Hermanos Sandstone 
has showed no l'isih/e weathering or hazardous condition.\) the trimming 
requirement would require blasting Blasting has already had to he used to 
stabilize a portion of'the South Paguate pit, hut ohjeclionsji·om the Pueh/o 
on the use olblasting have precluded anyfiilure use of'itfilr trimming or 
scaling ··· 

A memorandum dated April 23, 1991 from.J.H Olsen, Jr. to Governor Harry 
Early documented POL Council approved design changes and recommended 
forwarding description of changes to the BIA for approval. A signed copy of the 
approvals and authorizations was not found. One of the changes was to abandon 
the highwalls and allow them to erode naturally. The following is the relevant 
excerpt from the 1991 memorandum. ("Pueblo of' Laguna Council, Reclamation 
Project Issues", April 23, 1991, pg. 3, ~[ 2) 

c) HICJI!WALL TRIMMING & ,\'CALll>iCJ 

Evaluarion of' the highwallrrirnming and scaling requirement has 
prompted questioning oj'its need and value. Operationally, the activities are 
extremely diff'iculr ro achieve because of'inaccessibility and risk lo equipmenl 
operators. E>:perience wirh drilling and blasting techniques in the .1pring, 
1990 proved objectionable due ro !he potential bias! damage in Paguare. 
(Many highwalls could only be trimmed and scaled with blasting lechniques 
due lo !he presence oj'lwrd sandstone materials on the highwa/1 crests and 
the danger of'pulling he my equipmenlnexl lo the edges.) Scaling probably 
loosens UfJ more mal erial/han if effi>crively removes. 7/'imming oj'rhe cresls 
would also enhance erosion since runoff' would hove more surji1ce area on 
which to collect and run off' It is recommended !hal !rimming and scaling 
requirements he su.1pended since if isjudged rhcll, over time, the higlmalls 
will revert ro a slahle stole much rhe same as narura/mesas adjacent ro the 
sire which are composed oj'the same geologic mareria/s. As me111ioned. 
drilling and blasling is the only way lo trim and scale some highwa/ls and the 
h/asl damage ro structures in Paguale could actually aggra1'Clte the prohlem 
experiencedji·omlhe cn·rive mining area. The umpentjimdsfi'omlhis 
aclivily could be used to help repairing a/ready-idenlijied damage. " 

Work Units covering the trim and scaling of high walls are 2E5. All work on 
these activities ceased in December 1991. 

Four-foot high chain link fence was installed in the South Paguate area that was 
blasted. No fencing was observed in any other high wall areas. 

Conclusions- This aspect of site reclamation is considered compliant with the 
desires of the Pueblo of Laguna and the deviation fi·om the ROD requirements is 
well substantiated with the results of the blast studies. The Jacobs 
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Environmental Monitoring Plan listed this approach as an optio;l that could be 
based on the wishes of the Pueblo of Laguna. 

Recommendations- A field assessment of the highwalls and Old Highway 279 
should be made periodically to make sure that the high walls do not comprise a 
threat to normal Pueblo of Laguna activities, or if additional fencing or other 
corrective measures are required during the erosion process. If significant haxard 
potential is present. other means of slope reduction should be evaluated, such as 
ripping. or alternatively, localized benning or other protective measures may be 
warranted. The south-facing wall at the North Paguate pit also needs to be 
periodically assessed to assure that it is eroding sufficiently to cover the exposed 
Jack pile Sandstone, as planned. 

3. WASTE DUMPS 

a. Waste dumps II and J will be relocated to Jackpile pit as backfill. 

As discussed in ROD Requirement C above, Waste Dumps I I and .J were not moved 
into the pits. Their volumes were not required and the distance to move them was 
deemed prohibitive. Waste Piles H and J were successfully sloped, terraced and 
seeded. 

b. Most dump slopes will be reduced to 3: I or less and the dump slopes will be 
contourji1rrowed; exceptions are noted in Table 1-4 of the FEJS. 

As discussed in ROD Requirement C. there arc references in sc\·eral Project Status 
Reports (Reports No. l, 6, 7, 9, 1 Land 13) regarding variations to 3:1 sloping of 
waste piles. 

A memorandum dated April 23, 1991 from J.II Olsen, Jr. to Governor I larry Early 
(··pueblo of Laguna Council. Reclamation Project Issues". April 2 3, 199 1) 
documented POL Council approved design changes and recommended l(llwarding 
description of changes to the BIA f(Jr approval. A signed copy of the approvals and 
authorizations was not found. Some of the changes related to deviations from the 
3:1 sloping criteria. The following are the relevant excerpts f!·om that memorandum. 

Jackpilc Area - (pg. 2, ,i l, 2 & 3) 

"SPECIAL CASE DESIGN NO 2- .!ACKPJLE WASTE DWv!P .!P-W0-03.· This 
dump was originally to be sloped a1 3:1 and placement of more topsoil over the 
entire area. ?he top of this dump alrem(v meets the revegetation standards and as 
much as is practical will be salvaged when the 3:1 slope is cut. Grading to help 
channel the runofj"to eliminate long term erosion in this area will help its stability. 
The revised design cost is estimated at this time to be equal to the Jacob's estimate 
ofS33(}. IJOOfiJr the sloping work 
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"SPECIAL CASE DESIGN NO.3- JACKPILE WASTE DUM!' Jl'-Hc\-I9. 7his 
dump, when sloped to 3: I would mow material oflfhe site onto the Cebollella Land 
Gran/. To aPoid this, the top oj'rhe dwnp will he moved southward info the Jackpi!e 
Pit until the height is reduced to allowfiJr 3: I sloping and keep this material on the 
Project Site. 
Estimated cosljiJr the sloping work is S5./0,000. 

"SPECIAL CASE DESIGN NO. ./- GAVILAN MESA DUMP JP-WS-01.· This dump 
cannot he do::.ed to 3:1 without blasting the existing mesa which is in the backs/ope. 
No provisions/in· blasting costs and its associated potential shock effixts had been 
made in the original design. 7his is the most visible dump on the site and the visual 
characteristics oj'rhefinished slope needed to be considered The recommended 
approach is to cui the top of' the dump down to a level where the natural mesa is 
exposed; this will blend in with the surroundings and the remaining material will be 
sloped down to the 3: I criteria and revegeta!ed Estimated cos/ a/this lime is 
judged to equal the .Jacobs estimate o/approximate!y S3./0,000." 

South Paguate Area- (pg. 2, ~; 4) 

"SPECIAL CASE DESIGN NO. 5- OAK CANY01\' WAS7E PILE SP-W0-06: This 
dump is north olthe LCC shop area and runs along the north side of' the Oak 
Canyon. Sloping o/this dump to the 3:I criteria had several difficulties: destroying 
and coPering up the natural conditions in the canyon, upselling the a!reac!)'-siab!e 
dump by increasing the potential fiJr water runoff,' original work schedule fiJr this 
effiJr! interfered with the topsoil stockpile removal, and the presence in certain .IJH!IS 

olna/ura! rock outcropping1· ll'hich could not be done with existing equipment. The 
recommended treatment is to !eave the dump as is and increase the vegetative cover 
using hydroseeding techniques. Ilfhis operation is no/ adequate, fii/ure sloping and 
additional topsoil placement could be done at the POL's direction. 
Elimination of' the sloping/soil cos/ in the Jacobs estimate is offiet by the 
revegetation expense. " 

Although the letter of the ROD was not met, the approved modi fled methods (i.e. 
sloping) appear to have been put in place successfully. There have been no observed 
problems associated with the modifications that were implemented. 

c. Dumps which have Jackpile Sandstone on their outer swface and any Jackpile 
Sandstone exposed during res/oping will be covered with 3 feet of overburden 
and 18 inches of topsoil. 

The cover requirement for the Jackpilc Sandstone was reduced to a 1.0-foot radon 
cover and 1.5 feet of soil by the construction specifications, as shown below. (Jacobs 
Engineering Group, Inc. "Jackpi!e Project, Construction Specifications", August 
1989- Division 2, Sitcwork, Section 02000, Earthwork, 3.5 Fill Construction, pg. 2-
16) 
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".f. Cover Cons/rue/ion: 

Jackpile-Paguate Cranium J1ine 
l?.fS:Qtsl.!.d.Decj_sion Compliance Assessml.!(lf 

a. The Con/rae/or shall place cm·er malerial a/ !he locations and rela!ed 
!hicknesses shown on the dral1'ings. The requiremenl.\ lis!ed in Table I 
shall he.fiJ!!mred unless o!henrise shmm on the drawings or direc!ed hy 
the Engineer: 

Surface Material 
Thickness 

Mancos Shale 

li·es I!ermanos Sandstone 

Alluvium 

.lackpi/e Sands/one
Ore Associa!ed Was/e 
(grealer than 40 percenl 
oft olaf area·- ou/side o{pit) 

.lackpile Sands/one -
Ore Associa!ed Was/e 
(greater !han 40 percenl 
rf!o!a/ area inside ofpil) 
.lackpile Sands/one 
-Pro/ore 
(inside o{pil) 

Mixed Material 
(.Jackpile Sands/one 

TABLE I 

less than 40 percenl of'! of a! area)" 

c.(l) Shale Cover 

Radon and Soil Cover 

Soil- 1.5fi. 

J\lone required 

.None required 

Radon Cover ---l.O.fi. 
Soil··· 1.5/i. 

Radon Cover - I. Ofi. 
Soil 2. Ofi. 

Radon Cover · !. Oji. 
Soil 2. 0 /i 

Soi/-1.5/i 

The ROD required numerous areas to be covered with a radon barrier of shale prior 
to placement of topsoil. The requirements of the ROD are listed in the following 
table. These areas included both in situ ore left un-mined inside the pits and 
locations outside the pit fi"om where protore was moved inside the pit. The 
reclamation team field verified shale layer depths and their measurements are 
summarized below. The field sheets from which these data were summarized arc 
included in files labeled 'Shale Cover Data' in the project electronic library. The list 
was reviewed by M. Sarracino, and it appears to be comprehensive and the finished 
depths in compliance with the ROD requirements. 
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Jackpile-Paguafe l/ranium :\line 
Record of' Decision Comn!iance Assessn~tlll ---·---------··----~----·------··--·-----~----"-!j _____________ ~~------------------·-

Table 3 
Shale Layer for Radon Cap, Field V crification Depths 

c.(2) Topsoil 

The ROD required numerous areas to be covered with Top Soil to a specified depth. 
The requirements of the ROD arc listed in the Table 4. The reclamation team field 
verified top soil layer depths and their measurements arc summarized below. The 
field sheets Ji·om which these data were summarized arc included in files labeled 
'Soil Cover Data' in the project electronic library. 

Four categories of areas are listed in Table 4: 

1 .) Ma[lCO~ Shalf- Areas with the letter "S" opposite them are areas that served as 
sources of shale for radon barrier material. After the material for cover was 
removed these required 18'' inches of topsoil according to the ROD. This appears 
to have been confirmed. 

2.) JSS-Ore Inside Pit- These are areas of in situ un-mined Ore inside the pit which 
was covered with shale in an earlier step and required 24'' of topsoil according to 
the ROD. There appears to be a deviation from the ROD and a targeted depth of 
18 inches of topsoil f(lr this category. It is unclear if this is a documented 
approved change in requirements. 

3.) Protorc- Protore stockpiles were placed into the pit and their locations 
documented for potential future usc. These areas like the un-mincd ore required 
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24 inches of topsoil on lop of the shale radon barrier. There appears to be a 
deviation from the ROD and a targeted depth of 18 inches of topsoil for this 
category. Again, it is unclear if this is a documented approved change in 
rcq uircmcnts. 

4.) Mixed Material- These areas arc waste piles outside the pit that were 
sloped/contoured and covered with 18 inches of material. This is in accordance 
with the ROD and the depths were confirmed. Within the fourth category is a 
lop soil source area marked '·T"'. ·rhis was an area where topsoil was mined f(lr 
cover. It is an area that should require no cover and not be covered by the ROD. 

Table 4 
Top Soil Layc1·, Field Verification Depths 

- ·-· L~;;.!;~,~~- Ti,-~5-!Yi:;;- -~ JV~-;;:~;;-;~[-.1ss:-c)~-;: ·r~~:;;~~;;-1~1\1 ix;d Tor soil Gamma 
Measured Label Shale Inside Pit (min.24") Material Depth After Shale 

(min.18") (min.24") (m111.l8") (md1cs) Placement 
I 

I'~;;~;S~;:;--~~ --~·;;,a~~ . . X r~~~~ ·20 ~~~ ~.illl~~ 
1 I avg 21 7 1 

1--··--····-·- ····-·--·-- --·-··--·· --··------

!JP-W0-06 II I X _llllll_ __ J..S .... 
, avg 194 r---------r----·- ---- -- ··-· ---l·-- ----~~; r··-18:....... --------
·.11'-W0-05 J L. X --- -·-·-· 
! avo '){)5 
1------~----------1-----··- ............ -·-·------~- ___ : ___ -------
! J P-D J? ??') I X f_llllll_ _1_8__ I 

j[:-~~;:~;···=~-~1;_; ..... s-. . ~=~-~--=-~j~~~~+~~-~-~~- i 
I_IP-WT-16 ''''" I r m~n__ __ l_s_ 1 
;· · avg 18 I 

!; avg 18 
:,'JP-WS-I~------ ---~~ ;-~--~----------- ----- _m1~- _ 18 .. ----.--

av!! 18 
--------~~ ----- ---·----------.. . . -·'· 

j!JP-OP-41 Pit Bottom X 
min 18 

10.6 I
L---·---------+----j----+----+------J------1~- 18 
i,'_NP-DI Pit Bottom X _min--4 ..... 1_8 ___ _ 

avg 19.8 ----··· -··--·-· ··-·----· --~- ... ........_.,_~-t-----·--------11 
! 

INP-D-2&3 X . min L... .. 18 __ 

1---- . ··-
Pit Bottom -- 1 -

-·-~--- ----~- --------~-~- avg 21.0 
min 18 

SP-1 X I 
avg 20.83 . 

jNI'-PS-16 ... -~0~~~;;:2~D. ----· .. --~ -· -------- ~~:1_ ~~~~~ -~J~ 

~-N·P--1·)--5·.· -~-+-N-,P---~:·;--1-4-. =~=~=- -=---=·1_~-- .... ---:~:- --~~~--I 
~:~:~~~~~ ~=:~ t-.~4~-~; ~~}7 _:;;~J 

INP-D4, NP-PS- I 3 

19 
OA .))·stems Corporation 5Jeptemher 2007 



0500030

.!ackpile-Paguale Uraniwn A1ine 

-----·-·-··--------·-------------- Rcs:fltdsd.Dcc is io!L C'<Jj]Jj2U(!J]£c.LtiTGIS 117el1i 

The topsoil covers were placed on sloped and contoured surfaces and then seeded. 
The target cover depth for all areas appears to have been 18 inches and 18 inches 
were achieved The target ofless than 2 times background (with background 14 
mR/h) appears to have been achieved in areas where it was monitored. 

d. Berms will he installed on all dump crests to control erosion. All dump tops 
will slope sliglzt~F away from their outer slopes. Dump slopes will he contoured 
so their toes are convex to prevent formation of major gullies on slopes. 

Erosion control berms were installed. As shown in an early photograph Ji-om Project 
Status Report No. 14, September 1990 .. Figure 6, B-8 shows the berms as 
constructed and recent OAS 2006 photos B-9 and B-1 0, Appendix B, indicate that 
they continue to retain precipitation event runoff. 

Discussion -The berms and contouring are working well except in limited cases 
where the excessive berm length causes too large a buildup of water resulting in 
predictable, chronic blow-out areas. Photos B-11 and B-12, Appendix B, show areas 
of chronic blowouts, due to water build up on long berm runs. 'T'he locations 
presented in Table 5 have been observed by M. Sarracino and Laguna Construction 
Company (LCC), to have chronic erosion problems. Maps indicating these areas arc 
presented in Appendix C (Exhibits I and 2). 
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Table 5 

Jackpi/e-Paguate Uranium A1ine 
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Areas with Chronic Erosion Problems 

[12fEti(5N~-~:"o~~T!l£scR:Tr:r!5~R["~::,~~===~::~---~=,=~~~,-~~~~--~ _ - ::~~=~11 
i .lackpile Area: c:\r~_<>_'f~l,_;>(_aJong_te..'~:,~e_s_ at ~~"L()LLnd, tranSJ11onsll~~~v~_~n [l!J_e:;_~i 
! Area A, B, FD-3 along terraces at or around transitions bctweel1_]lilcs !' 

1
• i' A1ca W & Vat the draina~ area,;_>lg_ainst natural mesa ________ ~: 

1

: .I P- WS-17 . .I P-Wl-16 Y FD-1 eli a ins along 1 oad\1 ays and drains i 

North Paguate A1ea· N2 at east end of drain system ' t _______ --------~-- __A_>:<oa_ S_,_:I~Ji i!_l_ transitL()IlS bet_~l_ec'!J'ile~()~_slOJ~Cs. drams -~ ! 
1 South Paguate Area SP- WS-20. SP-W'I -19 a!Clllg slopes and dra_ina~ areas __ Jr 
! 1 SP-WS-17. SP-WS- 13A at drainage area j'i - ----- ----------------l. ------ I 

!; SP-WS-07 at drainage area _ _ 

L. Q. R. Main Access Road slopes and drainaQc areas _ ···-----·--·---··-----' 

Conclusions- OAS considers the non-use of dumps H and .J (as backfill) to be a 
non-substantive variance fi·mn the ROD requirements, given that the features were 
otherwise closed in accordance with specified procedures. Issuance of Construction 
Specilications with alternate cover requirements fi·om the ROD, implies an 
acceptance of those new depths by the relevant parties. However, the benning 
design that was implemented for the reclamation did not perform as expected. The 
areas of chronic erosion blow-outs will be considered non-compliant if radioactive 
material is exposed or RAD levels exceed the specified limits. 

Recommendations- An evaluation of the chronic blowout areas, to determine if 
solutions can be designed to relieve these continuing maintenance problems, is 
recommended. Erosion should be monitored with appropriate equipment to 
determine if radiological safety is a concern. If the underlying material is non-RAD 
emitting, the slopes may be allowed to erode naturally. 

e. Additional swface treatment is outlined under "Revegetation !11ethods" below. 
Detailed modifications and treatments are presented in Table 1-4 of the FEIS. 

Revegetation will be discussed in detail in Section 9 -Revegetation Methods. 

4. PROTORE STOCKPILE'S 

All protore will he used as backfill material in pit areas. Backfill will be covered 
with 3 feet of overburden and 2feet of Tres II erma nos Sandstone or alluvial 
material. 

As discussed in section 3c, the cover depths for the prot ore were revised by the 
construction specifications. The cover requirement for prot ore was established in the 
specifications, as a 1.0-foot radon cover and 2.0 feet of soil. 

Protore was moved under Work Units 2E1N into the North Paguate Pit between 
December 1989 through closeout in April 1991 (Appendix A, Tables A-3 and A-4). 
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The quantities for these movements are listed in Project Status Report No. 20, March 
1991, attachment. 

Protore was moved under Work Unit 2El S02 into the South Paguate Pit between 
April and May 1991 (Tables A-3 and A-4). The quantities for these movements are 
listed in Project Status Report No. :'.6, September 1991, attachment. 

Protore was moved under Work Units 2El.J into the .Jackpile Pit between May 1991 
through closeout in April 1993 (Tables A-3 and A-4). The quantities fclr these 
movements are listed in Project Status Report No. 43, February 1993, attachment. 

There are field records available where remediation technicians verified cover depths 
of shale placed on pro tore areas and depths of top soil on a variety of areas. These 
are found in the Library under "Shale Cover" and "Top Soil", respectively. Probes 
were used and depths recorded on 100-foot by 100-foot grids. In some cases gamma 
survey results afkr placement of shale, were also available. Those data are 
summarized in Tables 3 and 4 above in section 3c. 

Conclusions - While the letter of the ROD was not met. the revised shale barrier 
depth was met in all cases tested. The top soil cover was less than the revised 24 
inches, but in all cases it was at least 18 inches. The gamma concentration, after 
placement of the cover, was below the criteria of twice background levels. 

Recommendations - Although the covers did not meet the ROD or the reclamation 
specifications, the covers appear to be adequate for radiation safety concerns. No 
further action is recommended. 

5. SITE STABILITY AND DRAINAGE 

A. Stream Stabilitr: 

I. All contaminated soils and fill material with in I 00 feet of the Rio Paguate 
west of its confluence with the Rio Moquino, will be excavated and 
relocated to the open pits. 

There were numerous piles along the Rio Paguate. The fclllowing charts their 
movement based on work units: 
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Table 6 
Movement of Contaminated Soils and Fill Material 

Photo B-14, Appendix B, shows the area along the Rio Paguate where the piles 
once were. 

Conclusions - The reclamation actions appear to have been compliant with this 
item of the ROD. 

Recommendations- No further activities are recommended. 

2. ·For the Rio Moquino, waste dumps S, T, U, N, and N2 will be pulled back 
50feetfi'om the centerline 1ljthe stream channel. The toes of these dumps 
will be armored with rip-rap. 

A memorandum lbted April 23, 1991 fl·om J.H Olsen, Jr. to Governor Harry 
Early ("Pueblo of Laguna Council. Reel a marion Projecl Issues", April 23. I99I) 
documented POL Council approYcd design changes and recommended 
forwarding descriptions of changes to the BlA for approval. A signed copy of 
the approvals and authorizations was not found. One of the changes was to 
revise the approach for erosion control along the Rio Moquino. The following is 
the relevant excerpt from that memorandum (pg. l, ~ 3 ). 

"SPECiAL CASE DESIGN NO. I-R!O MOQU!NO This case involves 
removing any polenlially conlaminared malerial wirhin rhe Rio Moquino area 
which could erode downs/ream. Ir eliminares !he needfiJr !he re-channe/izarion 
and heavy erosion conlrol slruclures in !he .firs! design A bench will be 
ex cava red on rhe wesl side dump and appropriare erosion conrrols will be placed 
as needed. Hydraulic analysis on rhe exisring channel was perfimned by Weslon 
Engineering as a basisjiJr derermining rhe acrion raken Esrimared cosr is now 
SI.400, 000 compared ro rhe Sf, 900,000 in rhe Jacob's esrimale. " 
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The i(Jl!owing work units cover the movement of the waste and prot ore piles 
along the Rio Moquino above the eonf1uence and the Rio Moquino Erosion 
Control activities: 

Table 7 
Movement of Waste and Pro tore Piles Along the Rio Moquino 

Photos B-15. 16, and 17, Appendix B, show an archived POL photo fi-om 
approximately 1994 and two 2006 photos of the Erosion Control along the Rio 
Moquino. 

Conclusions- The material appears to have been relocated or pulled back and 
armored to the specifications of the ROD and the approved changes. The 
Landmark/Weston Design, (Landmark Reclamation/Weston, "Jackpile 
Rec/omation Project. Pueblo of" Laguna. New Mexico. Drafi Special Case 
Designs", December 1990) with the approved changes, reduced the rigor of the 
original erosion protection. The approved design was implemented and the Jetter 
of the ROD was met. However. the intent of the ROD is not being met because 
the design \vas inadequate to prevent erosion of the banks below the toes of the 
waste piles. 

However. signiilcant erosion has taken place in the past I 2 years. If erosion 
continues at the same rate, there is serious potential f()r exposure of waste or 
contaminated soil at the toes of Piles S, T, U. N, and N2. In view of the il1ct that 
a less rigorous redesign was approved after the ROD, this unexpected erosion is 
a problem. If the erosion continues, waste material will be exposed creating the 
potential risk of human and wildlife exposure to unknown hazards, and a threat 
to the water quality of the Rio Moquino. 

Rrcommcndations -A more thorough inspection and hydraulic analysis and 
erosion study needs to be pcrf(Jrmcd to determine if additional erosion protection 
is needed along the Rio Moquino above the confluence. A control structure on 
the Rio Moquino above the Pueblo of Laguna section may also be considered. 

3. A concrete drop structure will be constructed acmss tile Rio Moquino 
approximately 400 feet above tile confluence witlltlle Rio Paguate. 

There was a six-f(Jot drop at the main Jackpile haul road crossing of the Rio 
Moquino. A control structure was planned and included in the ROD. A Hood 
occurred in July 1993 and is documented in Project Status Report No. 48, July 
1993. There were no photos of the roadway crossing washout presented in that 
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monthly report. The local USC!S gauging station was washed out with the flood 
so the precise size of the storm was not recorded. It is estimated to have been 
greater than a I 00-ycar flood. ·rhe flood washed out the crossing and the route 
was abandoned. This is documented in Project Status Report No. 48. The access 
route to the Jack pile site was re-routed to a low water crossing southwest of the 
Jackpile, which is currently used. Since the old crossing is no longer used there 
is no need to place a drop structure. 

Photo B-18, Appendix 13, is a 2006 OAS photo of the Rio Moquino at the former 
road crossing. Aerial photographs were reviewed pre flooding (1992) and post 
Jlooding ( 1993), however, the solution was insufficient to illuminate that area. 

Conclusions - Due to the flash flood event that caused the stream crossing to be 
relocated and changed the stream flow conditions, the Rio Moquino drop 
structure was no longer needed. Therefore, compliance with this ROD 
requirement is not applicable. 

Recommendations- No further activities are recommended. 

B. Arrovo /leadcutting: 

Arroyos sout/1 of waste dumps I, Y, and Y2, and the arroyo west of waste 
dumps FD-1 and FD-3 will be armored as shown in the FEIS Appendix A 
(Figure A-13). Other headcuts encountered during reclamation will also be 
stabilized by armoring. 

The arroyo hcadcutting west of the waste dumps ended when the sandstone 
outcropping was encountered at the surface. It was determined that armoring 
was not needed to prevent further headcutting. An OAS 2006 Photo 13- I 9, 
Appendix B, shows the sandstone outcropping. There has been no appreciable 
hcadcutting in the area since the outcrop became exposed. Hcadcutting areas are 
shown on the Base Map. 

Conclusions - Based on OAS field inspection documented in the photograph, 
field conditions changed when the headcutting encountered a natural outcropping 
of sandstone. The sandstone impedes further head cutting negating the need for 
armoring. Therefore, this is considered a non-substantive variance fl·om the 
ROD requirements. 

Recommendations-- No further activities arc recommended at this time. 

C. Blocked Drainages: 

I. Waste dump .J and protore stockpiles SP-1 7BC and SP-6-B will be removed 
to unblock ephemeral drainage on tl1e south side of the mine site. 

Blocked drainages arc shown on Exhibits 1 and 2. 
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Waste dump J was found to not be blocking the stream. Distance made it 
uneconomical to transport the waste into the Jack pile pit, therefore, it was not 
removed. It was sloped, covered and seeded. 

Protore Pile SP-6-B move is documented in Project Status Report No. 43, 
February 1992. However, SP 17BC was not mentioned in the Jack pile Protore 
report attached to Project Status Report No. 43. An aerial photo dated 8-21-03 
indicates that material has been removed fi·om both those protorc areas and 
revegetation is taking place. This can be seen in the areas just to the east of the 
remaining waste dump J. The aerial photo also supports the statement that waste 
dump J docs NOT block any drainage. 

Photo 13-20, Appendix B, shows waste dump J in the background and the level 
ground in the fi·ont formerly contained the protore piles SP-6B and SP-17BC. 

Conclusions- While the letter of the ROD was not met with regard to the 
movement of waste dump J, closing it in place appears to meet the intent of the 
ROD and no problems have arisen to date by this action. However, this area 
could be a physical hazard in that livestock could become entangled in the 
submerged fence, or stuck in the mud. 

Recommendations- Because the land grant property is in close proximity to the 
Pueblo of Laguna, an cfl(Jrt should be made to jointly maintain the existing dirt 
banks and monitor the ponded water to determine if it presents any chemical or 
radiological hazard i(lr domestic animals or wildlife. After the evaluation has 
been completed, a long-term solution may be devised. 

2. Two blocked drainages north of FD-1 and F dumps will remain blocked. 
The remainder of the minesite, excluding open pits, will drain to Rios 
Paguate and Moquino. 

The blockages to the north of FD-1 and F were left and subsequently a semi
permanent ponded area has formed north of the Jackpilc Pit. An OAS 2006 
photo 13-21, Appendix !3 shows the large ponded area. 

M. Sarracino reports the pond stretches onto the Trust Lands to the north. Cattle 
ii·om these lands have watered at this pond and several have drowned, leading to 
damage claims against the tribe. 

There arc no other ponded areas outside the pit on the Indian lands, so the 
remaining areas appear to be draining to the Rio Paguate and Rio Moquino, as 
planned. 

Conclusions -The letter of the ROD has been met. However, an unforeseen 
circumstance has arisen in that the ponded water appears to be at least a physical 
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hazard, and potentially a chemical and radiation hai'.ard, for the neighboring 
landowners and the cattle that arc grazed on that land. 

Recommendations- Since grazing livestock have access to the ponded water, 
POL should sample the water to determine if it presents any chemical or 
radiological threat to the grazing animals. Additionally, the pond has been in the 
past, a physical hazard for the domestic animals. The area needs to be evaluated 
and a long-term solution devised. 

6. SURFACE FACILI71ES/STRUCTURES 

A. Lease No. I: 

All buildings on Lease No. I (Jackpile lease) will be demolished and removed 
except for the Geology building, miner training center and buildings at the old 
shop and the open pit offices. The land smface (except pit highwa/ls and 
natural outcrop.\) will be cleared of radiological material (e.g., Jackpile 
Sandstone) until gamma readings of twice background, or less, are achieved. 
These areas will then be graded and seeded. 

Site inspection indicated all structures were removed and the areas appear to be 
re-vegetated successfully. Although the ROD noted that some structures were to 
remain at the site, deterioration and safety issues required dismantling of these 
structures. 

Radiological Clearance is discussed in Section I 0-Monitoring of this report. 

Table 8 
Lease No. I - Facilities/Structures Status 

!~J.~~'kr;"ii~~t:~~;~N~~~""- "~T"i~.~(~;;;.!"'~rs;~;.;;~~,,_-- ~"""""''""'""~~~"~"~ --- ,,,.~,,~l 
··· · ~ ~ "'""~-~-·""'==~~-=~·""==~ =·'•""·'="'-="""·.-··---- -.=..-.o"·=-'---""-~-~~~==~==~''""'- "·'---'-"=~="·-"-=""'-~=~-===o=c.~-"''·""~·"=<·-·--'- < 

Geology Building at Leave in Deterioration and Safety Issues required 
Housing Area Place dismantling. Panels stored at LCC shop area . -~_, __________ ~-------- ------ ---,__,,_,__, 

i Miner Training Center at Leave in Deterioration and Safety Issues required 
I Housing Area Place dismantling. 
!=--.. ·--------- ---1-----"-------·---·· .. ~····-------· i 
I Old Shop Buildings across Leave in Deterioration and Safety Issues required , 

i ~;;~;~;-0-f-fi-cc--s-- :~~~c'~e in ~:::::1~~·:,~d:s~fety-ls-·s-ue_s_J_eq~,-,i,-·cd ____ ji 
Place dism_~-~11\ing. . ---·----·---' ·--·----- ·---------- ~----!-· 

1/ All other buildings Demolish Deterioration and Safety Issues required 

l dismantling. 
·~-- ~~~ .. "' "'""~"~~~~~-·-.-,~.~~---·-·-'''~'~~-·-·~·"-~"""''"'~-~-~"-'' 

The information in the Status column above was provided to OAS by M. 
Sarracino, January 30, 2007. He further stated that all areas were disked and 
seeded. Some of this can be substantiated in the memorandum, dated April 23, 
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1991 fi-om POL Project Manager J.J I. Olsen. Jr. to Governor Harry Early 
recommending approval by the council of Special Cases. ( "!'uehlo of'Laguna 
Council, Reclamarion l'rojecr Issues", April 23, 199 I; 

B. Lease No. 4: 

All structures and facilities associated with the P-10 mine and new shop, 
including all buildings, roads, parking lots, sewage .\)'Stems, power lines and 
poles, will be left in place. All operational and maintenance equipment, 
including tools, machine/}', and supplies will be removed. All permanent 
structures and land swfaces (except pit highwall5 and natural outcrop.1) will 
be cleared t!fradiologicalmaterialuntil gamma readings of twice background 
or less are achieved. These areas will then be graded and seeded. Non
salvageable contaminated buildings and materials will be removed to the pits 
jin· di.\jJOStlf. 

A memorandum dated April 23, 1991 fi·om J.l! Olsen, Jr. to Governor Harry 
Early ("Pueblo of Laguna Council, Rec/amarion Projecr Issues", April 23. I99I) 
documented POL Council approved design changes and recommended 
forwarding descriptions of changes to the BIA f(Jr approval. A signed copy of 
the approvals and authorizations was not fclUnd. Some of the changes related to 
deviations from facilities demolition plan. The lcJllowing is the relevant excerpt 
fi·om that memorandum. (pg. 4, ~11) 

.. d) REMOVAL OF REMAINJi1'G BUILDINGS 

Two buildings arrhe 1'-IO sire need lobe dismanrledso !he required 
backfill and sire cleanup around !he decline can be complered. The old welding 
shop also needs robe dismanlled since rhe sheer meral panels are dererioraring 
and becoming a polenlial hazard The old Geology Building and !he P-IO 
compressor lmilding have already been dismanrled and !he malerials slored in 
rhe LCC Shop Yard Unless or her direcrion is received by May 31, 199 I. !he 
buildings will be dismanrled by rhe LCC Surfilce Crew and rhe malerials placed 
inrhe LCC' Shop Yard(i!rji.11ure use. Prior ro release oj'rhese marerials, 
however. a radiological survey would need lo be per(imned by Eherline in 
accordance wirh rhe Environmenral Afoniloring requiremenls. " 

Site inspection indicated all structures were removed and the areas appear to be 
rc-vegctated successfully. 
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Table 9 
Lease No. 4- Facilitics/Structur·cs Status 

Information presented in the Status column above was provided to OAS by M. 
Sarracino, January 30, 2007. He further stated that all areas were disked and 
seeded. Some of this can be substantiated in the memorandum, dated April23, 
1991 fl·om POL Project Manager J.H. Olsen. Jr. to Governor Harry Early 
recommending approval by the council of Special Case Designs. ("Pueblo ol 
Laguna Council, Reclamalion Projecr Issues", April 23, 199 I) 

Table 10 
New Shops- Facilities/Structures Status 

~~~~~~~~] 
I Parking Lots Leave in Place I !.eft in Place, Active I 

-··-·- --··-···----- _______ .. __ -------·-··-·-·-·-.·-- .. ,, ______ _ 
wage Systems Leave in Place I Left in Place, Active 

-----------·--··- ·--····-----·-·-----~---·----··--------·----1 
wcr lines & Poles Leave in Place Left in Place, Active 1 

--~"·~~--------~---··--·---~~~--~-----·--· .. -"'"'''''·······-~··-~-- ---~~--~--~-------······~----·-··-·---·-··J 

C. Access Routes: 

The four major roads witflin the mine site will be cleared of radiological 
material and left after reclamation for post mining use. These access routes 
include: 1) the access road from P-10 and the new shop area to Stale Highway 
279; 2) the main road through the mine; 3) the road that passes between the 
housing area and North Oak Canyon Mesa and then proceeds to P-10; and, 4) 
road to Jackpile well No. 4. All other roads (except on lease No. 4) will he 
removed. These areas will then be gmded and seeded. 

Site inspection revealed the following status of the roadways covered by the 
ROD. Exhibits I and 2 show the locations of these routes. 
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Table I I 
Access Routes Status 

r=··'=~"·=---=--,=·=--='=>.c.;',- - --~-~~- --- -- -- - - --r·~="--~ ---.=.....-.--- - -- -- --- ------- ---- ---- ,.----~·-·-·--·'-''--.._=--'"·==--~--~--·--'11 

II Roads I Proposed j Status i1 
~=·~--~-~~"="-"'"·-·--~•~"='-=•=~=''=-=•=·=·"'='·""·•-•-·=<=-~-'-..,=·"=~·.,.,,_,._,.,=>"oo.ec.e=•~"-""'·=·~•-·~'-=·"'"·~ ---==-~--------·"-="=--=~'="'==~-==e="--='·'=-===-==-..ofj 

1
1'.~. Pl~~~~",''_..Sil('jlS.to_l.lwy 2_79 I Leave in Place Acttvc, maintained dir':~~l<\.<l_ _ _j!. 
] Ma111 Road l hrough Mtne I Leave tn Place Acttve. ma111ta111cd dtrt road /! 

~~-~~,~~\¥-~~~~~~~~~,~~~l~O~ltl'~1~2-r-t:~~~~~~~~:- ~ ~~;~::,:::::~d~~f;~S;~~~~). ~J~ 
1!-All others except Lease No. 4 Grade & Seed j Abandoned, no maintenance~! 
L~."~"""',"~"·--~=·o-·========_,=-,-<=======--~=·~- 11~S~~~~~~~li~~~se~~-~~f_: __ ,~---="·="=j 
The information in the Slcitus column above was provided \o OAS by M. 
Sarracino, on January 30, 2007. Photos 13-22 and B-23, Appendix B, 
respectively show the P-10 Well features and the New Shop Well features. 

D. Water Wells: 

Jackpile well No. 4, the P-1 0 well, the new .~hop well, the old slwp well, and the 
3 well\' with associated slteltering .5tructures (near the housing area) will be 
left. The pumps, riser pipe, wiring, and water storage tanks will be removed. 
Wells establishedforfuture monitoring purposes will also be left. All wells will 
be capped to prevent dust, soil, and otlter contaminants from entering the well 
casing. 

Table 12 
Water Wells Status 

[~~~;-~~~!lr~=T~~!i~E~~I:~!~;;i]=f~-~~=T:=\Y;;;.-[::[~l~~~~~::=.-11 
l_ Jackpilc ~~-~-- ·----~J2!~cd ·----· ____ !Y'novc_~-~ --~~!~~?:~~--~ J'CJ11(l\'Cd r·cr11ovcd ~: 
I P-1 0 capped removed remains remains remains 

1 

1
1---···----~-·-·-·-··-·--·- -----··- ---·---~-

1 New Shop active active active active active 

lm~~~:;~.~~='······ ...... :~:~:-~---- ~=~~:v~~ -;C\11::~~~- "'~_::~v:d removed 

E. Rail Spur: 

The rail .\flllr will be left intact. The rail ,;pur must be cleared of radiological 
materia/until gamma readings of twice background or less are achieved, The 
Quirk loading dock will be demolished and hauled to the pits. 

Based on OAS site inspections, the Quirk Loading Dock was demolished and the 
rail spur remains. 
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Conclusions- Based on memoranda, discussions with M. Sarracino and an 01\S 
Jield inspection, some features shown which were anticipated to be kept or 
salvaged 1.vere found to be of very poor condition. While not in strict compliance 
with the ROD, the demolition and disposal of additional facilities in no way 
impairs the environmental integrity of the project. Thcrcl(Jre, this is considered a 
non-substantive variance li·om ROD requirements. 

Recommendations- No further activities arc recommended. 

7. DRILL HOLES 

All drill holes will he plugged according to the State Engineer's requirements. A 
5-foot swface concrete plug willa/so he placed in each hole. Any cased holes will 
have the casing cut off at the swface. In addition, areas around drill holes will be 
seeded. Any exploration roads not wanted by the Pueblo will he reclaimed. 

Project Status Report No.4, November 1989, reports that Work Item 2S I S05 is to 
plug drill holes. However. the report states '"There is no 1vork to he done in this 
package. The CMC i11.1pector has gone over the entire area where the drill holes 
were. and did not find a single one open. " 

Conclusions- It is unclear what happened to the drill holes. No drill holes were 
found by CSM and that work unit was closed out on approval of all three parties. 
'fhcrefore, this is considered a non-substantive variance from the ROD requirements. 

Recommendations- No further activities are recommended at this time. 

8. UNDERGROUND MOD/FICA TIONS 

!\. Ventilation Holes: 

Vent holes will be backfilled with waste material (Dakota Sandstone and 
Mancos shale) to within six feet ofswface. Surface casing will be removed, 
steel support pins installed in walls of vent holes, and sealed with a six:fi){)t 
concrete plug.fi'om backfill to swface. Areas around vent holes will be 
contoured and seeded. 

Project Status Report No. 2, September 1989 reports ongoing activity with 
respect to locating vent holes. Project Status Report No. 4, November 1989 
reports all the vent holes have been closed under Work Unit 2S I S04 except ](Jr 
one in the Jackpile Pit. Project Status Report No. 32, March 1992 indicates the 
closeout of Work Unit 2S I S04, therel(Jre, it is assumed that the Jack pile vent 
hole was closed. There are no speciJics with regard to the actual physical 
closures methods used on the vent holes. 
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Conclusions- It is unclear how the vent holes were closed and there arc no 
records of how they were closed. Monthly reports indicated that the vent holes 
were being closed, and the work unit was closed out on approval of all three 
parties. ThercfiJre. this is considered in compliance with the ROD requirements. 

Recommendations- No further activities arc recommended at this time. 

B. A dits and Declines: 

A concrete bulkhead will be constructed approximate~)' 680feet below the 
portal of P-10 decline. Tlte decline will be backfilled from bulkhead to ground 
swface with Dakota Sandstone and !11ancos shale. Sufficient material will be 
placed over the portal to allowfor compaction and settling. The ground 
surj{tce above the buried portal will be sloped and then top-dressed and seeded. 
The Alpine mine entt:y will be bulk!teaded and backfilled. !11ine entries not 
previously plugged by backfilling will be covered. Additionally, the H-1 mine 
ad its will be bulk headed and bac~filled and the ad its at the P-13 and NJ-45 
mines will be backfilled. 

Exhibits J and 2 present the locations of these mine features. 

Although the details of the closures are unknown, the closures appear to have 
been successful. The general site inspection of areas of the former underground 
features revealed no evidence of underground mining accesses, no evidence of 
subsidence, and in general, the areas were indistinguishable fi'01n surrounding 
areas, indicating successful revegetation. The following table summarizes the 
various entrances and the relevant work unit and closure date when available. 

Table 13 
Adits and Declines Status 

ADITS Status/ cl~~.~~~-r--- ----~~~w ;,:kllni-t a~~-;,-~- ~~~~-I- -z,:;;,;~~c-' -]1 

1 Means Progress Status Reports Date 1 
~-~~,~~- -~--------~~-----~-~ ------ ~- ~-~-~~-- I 

Bulkhcadcd and 2S I S02 

P-10 
Backfilled, Redesign- Project Status Report No. 16 

Checked for Activity- Project Status Reports No. 30 
subsidence & 31 

-~--j --------~-

March 
1992 

1 Backfilled and 
'I' Alpine Checked for 

subsidence 
!-----~-i~---------------~--

I llackfillcd and 
H-1 Checked f(>r 

OA .~J!Sfems C01poration 

No Specific Work Unit 
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The information in the Status column above was provided to OAS by M. 
Sarracino, January 30, 2007. 

Correspondence fl·om the BIA to Governor Lucero, dated December 20, 1990, 
contains as an attachment a redesign proposed by Landmark Reclamation 
entitled ''Report of Investigation of P-1 0 Design". Based on the content of the 
correspondence and attached memorandum, it appears that the new design was 
adopted by the project team (US Department of the Interior, Bureau oflndian 
Affairs, Correspondence to Governor Conrad W. Lucero, with attachments 
including Landmark Reclamation, ''Report of'Jnvestigation ofthe P-10 Decline· 
Jackpile Project" (dtd July 30, 1990), December 20, 1990). 

Conclusions- It is unclear how the mine entries were closed. But the work units 
were closed out on approval of all three parties. Because all three parties 
approved an alternate closure method, it is presumed that the intent of the ROD 
was met. However, the potential fi:1r subsidence may still exist. 

Recommendlltions- Continue to monitor the P-1 0 and P 2/3 areas for 
subsidence. Closure methods apparently presented some potential f(Jr a 
"controlled accident'', as was stated in the Landmark Reclamation report 
referenced above. 

9. REVEGETATION METHODS 

A. Top Dres.1·ing: 

Following final sloping and grading, pit bottoms will be top dressed with 24 
inches, waste dumps with 18 inches, and all other areas within tile minesite 
witlz 12 inches of material composed primarily of Tres l/ermanos Sandstone 
(1·tockpiles at three locations within tlze minesite). In order to meet top 
dressing volume requirements/or tile nortlzem portion of tile minesite, 
additional material may be obtained from a topsoil borrow area in tile Rio 
Afoquino floodplain comprising 44 acres. For tile south em portion of tile 
minesite, additional topsoil borrow materia/located east of J and H dumps 
may be needed. Following topsoil removal, disturbed borrow areas will be 
contoured, fertilized, seeded, and mulched. 
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Exhibit 2 shows the topsoil pile locations. Section 3 discusses the waste dumps 
and their sloping, contouring and cover depths. Verification of top soil depths is 
also presented in Section 3. Table 4. 

B. Sur{itce Preparation: 

After app~ring top dressing, areas to be planted wiff be fertifized,foffowed by 
disking to a deptft of 8 inches and then contour furrowing. 

A memorandum dated April23, 1991 fl·om J.ll Olsen, Jr. to Governor Harry 
Early ("Pueblo ofLaJ;Ima Council, Reclanwtion Project issues". April 23, 1991) 
documented POL Council approved design changes and recommended 
f(mvarding descriptions of changes to the BIA for approval. A signed copy of 
the approvals and authorizations was not found. One of the changes was to 
revise the approach f(Jr top dressing and revegetation. The f(JI!owing is the 
relevant excerpt fi·01n that memorandum. (pg. 3, ~~ I) 

"TOP DRESSING AND REVEGETATION SPECJFICA TIONS: This section 
.1pecijies the diskinJ;, soil placement, seeding mulchinJ; and crimpinJ; operations 
to be used. FollowinR soil placement, the areas wiff he lejifidfow until afier the 
I)JJical rainy season so moisture can he re-estahfished in the seedbed. A 
schedule of'actil'ities and the "time window" available to perfimn them was 
del'eloped to help the construction actil·ities be coordinated to take advantage ol 
these aspects. Seed mixtures, application rates, and estimated costs are also 
included. Seeds types to he used include wama J;rasses,fourwinR saltlmsh, 
s\reetc!over. Indian ricegrass, bluest em, sacaton, and others are recommended 
Discing will be done to help bind the shale to the topsoil cover. DiskinJ; at 45 
dewees to the slope will enhance this bindinJ; capacity. SeedinJ; will be done 
with hydroseedinJ; equipment but use of'seed drilling equipment on the flat areas 
is optional and acceptable. Final crimpinR of'mulch and cross-discinJ; on 
opposinJ; 45 to 60-deJ;ree passes on thefinal slope are also done to help control 
minor rillinJ; and thefimnation of'water pathways dmrn the slopes. MonitorinJ; 
procedures are included. An optional.lpecificationfiJr tree plantinR 
(recommended .1pecies and pla/1/ing procedures) was developed should the POL 
wish to utilize this technique. Work PackaJ;es.fiJr the estimated cost can be 
included injillure Annual Operating PlansfiJr Council consideration/action." 

C. Seeding and Seed Mixtures: 

Before seeding opemtions begin, the entire minesite will he fenced to prevent 
livestock grazing. In most situations, seed mixtures wiff be planted with a 
rangeland driff. Broadcast seeding combined with hydromufching may be 
used on inaccessible sites or if determined to be more feasible than driffing. 
For both methods, the seed mixture will consist main~y of native plant species 
possessing qualities compatible with post grazing use and adapted to the focal 
environment (Tables 3-JO and 3-11; FEIS). Following driff seeding, straw 
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mulch will be applied at about 2 tons per acre, and crimped into place with a 
notched disk. 

There is some seed preparation and seeding that is documented in the ".Jackpile 
l'rojecl Final Design Recommendalionsfi;r BIA Approval", May 9, 1990. (pg. I, 
,jl & 5): 

"]) Previously-reclaimed areas will be lefi in/heir currenl condilion excepl 
where minor remedial work will be required /o repair small rills or 
gullies. Re-seeding of' bare .1po!.\' on slopes will be done using "hydro
seeding" and mulching lechniques. Any remedial work will be done so 
a.\· to minimize any adverse impact on existing vegetation or other 
slahili::.ing.fealures. Re-aligning of' drainage palhs will be done. 

5) !Jydroseeding is I he pre/erred me/hod since recenl reclanwlion 
experience on 3:1 slopes shows !hal use of'seed drills and equipmen/lo 
crimp !he mulch ac/ually cause more erosive palhways. Page 7 o/'!he 
ROD allowsfiJr a more 'feasihle" /echnique !han seed drilling, if 
available. " 

D. Revegetation Success: 

Using the Communi(!' Stmcture Analysis (CSA) or compamble method, plant 
establishment will be considered successful when revegetated sites reach 90 
percent o.fthe density,frequenq•,foliar cover, basal cover, and production 1!( 
undisturbed reference areas (but not sooner titan 10 yearsfol/owing seeding). 
Livestock gmzing will be prevented until 90 percent comparability values are 
met. At the end 1!{tlte 10-year monitoring period, if an unsucces.~f'ul trend is 
shown, retreatment may be necessaiJ' to achieve success criteria. In tlw pit 
bottoms, vegetation will be sampled annually for radionuc/ide.1· and hem:v 
meta/uptake. 

As the Jacobs Environmental Monitoring Plan states, revegetation of the site is a 
critical requirement fi:Jr stabilizing the disturbed area against erosion and 
returning the site to productive usc. lt designated short term monitoring to 
determine that seeds have germinated and seedlings arc growing appropriately 
and so that corrective measures can be taken to assure success and long term 
monitoring to meet the ROD. There arc references to visual vegetation 
inspections by ''Ed Kelley, Ph.D. (revege/alion consul/an/)" in Project Status 
Reports (Reports No. 43, Feb 1993 and No. 51, October 1993). The ROD 
requirements are to compare waste pile and pit bottom revegetation against 
reference sites and to cease monitoring after the revegctated areas meet 90% of 
the reference site (for selected parameters) but no sooner than I 0 years. Four 
studies were performed: 

35 
OA .~pstems C01porarion Sep!emher 2007 



0500046

Jackpile-Paguflle Uranium ,V/ine 

--·--~--~--~·--------------~--------)?J/_COl:<ls.ifl!sJ.:./Si.WL(.Y!l.W.licln_("_f __ /ls.yJ:.s_.~LflC!Jl 

I) Qct~l);)er_J99Q (Landmark/Weston 1991) - Landmark Reclamation/Weston, 
".fackpile Reclamalion Projec/, Pueblo ofLagzma, lv'ew Mexico, Soils and 
Vegelalion Evalzwrionji)l· Final Reclamarion ",FinaL April 1991. 

2) .Swtcmbs:r/October 199(, (Munk and Boden 1996)- Munk, Lewis P. and 
Boden, PauL Soils and Biogeochemistry, "fnlerim Reclamalion Success 
Analysis, .Norlh and Soulh Paguare Open Pils, .!ackpile-Pagua/e Uranium 
Mine", December 1996 

3) USDA Natural Resources Conservation Service, 1998 Paguate-.Jaekpilc Mine 
1998 Vegetative Inventory [Production Surveys], 1998 

4) USDA, Natural Resources Conservation Service, Vegetation Inventory, 
Production Surveys, August 16, 2000. 

5) OA Systems Corporation, .!ackpile-Pagua/e Uranium Mine Record of 
Decision Compliance Assessmenl. 2007 

Table 14 
Revegetation Success Sampling Requirements Comparison ---r --F,;~:~~···]- -- ~- ~- ------e-~.- ---~ 

!!···---·------·---I EIS_!'able 1-~ _ROQ .. Monitoring Plan ____ . -~t_!!a_l__ _____ ' 
I) l·arlvreelaimed I 

' I " I 

Sampling 
Points 

1Transects on 
\vaste dumps) 
pit bottoms and 
ofT-site 
reference areas 

Frequency Annually 

OA .~)'stems Corporation 

w 
"' "' " "' ;; 

(/) 

"' 
'0 

;; 
0 
a-

"' " g 

I I mined areas and ref 1 

I 
SJtes I 

</) ... 
06 
0 
0 
c:<: 
"' " () 

E 
"' vo 
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(l.andmark/Weston I 

I 
1991 J 1 

, 2) NP and SP pit areas ! 
and two reference 
areas (Munk and 
Boden 1996) 

3) Pit Bottoms only, 
reference areas not 

used (NRCS 1998, j 

____ 2ooo, 2006L ____ 1 
I) Once in 1990 during : 

! reclamation , 
12) Once in 1996 within .i 
1 NP and SP only, ! 

j 
3) 

three years after 
seeding. 
Three times after 
reclamation 
completion 

··-•. · . .,.-.,-~-."<-7."e==o=~=~=~,· . ..J 
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i i I .Jacobs !: 

!! I / Environmental ~~ 
~-~--- _f:I:S_:;[alJI~l:2iLI.~QI)_ji\1 oni tolj_11_g__!'lan ____ A~!ual -~~' 
, I I I) All ROD Parameters 1! 

'I 2) A. II ROD Parameters:! 

ll 
I 
11 Density, 
li Frequency, 
!!Parameters foliar cover, 

basa I cover, 
and Production 

I 

3) Production 
Sampling, plus 
qualitative (wind 
erosion, water 
erosion, soil crust, 
plant vigor, 
seedlin_gs and seed 
reprodt~ction) plus I! 

qualitative 11 

assessment of ~-~ 
rangeland health 
using NRCS rating 
categories. li 

~----l~~~'~ll~~~~~~~~t Nor:~~ ~ar -sa-· ,-n-pl-in:-~;-11 
Duration II 0 years duration. The 90% target

1
1 

following is not being achieved. I! 

•~~~-•-•••·=·•~-:::l~!223.~~22~----·--·----L=~·"-===.-.e. "' ·~--~~~~--"=~-c·~===··=~-=~·=·=~===<o~==o•~"="'·-.J 

The earlier vegetation studies by Landmark/Weston ( 1991) and Munk and Boden 
( 1996) f(Jllowed the procedures and parameter tests laid out by the ROD, but 
were conducted during and at the end of reclamation and not in the post closure 
period. During this prolonged study period (1989 through 2U06), reference sites 
and their usc as comparisons f(>r successful revegetation evaluations were 
replaced by other methods. This is reflected in the 1996 Study ( Munk and 
Boden) where they stated that "!he use of'refi:rence areas as a rec/amarion 
srandard is complicared by rhe lack of'a mode/reference wirh ideal sire 
characrerislics" and that "fharrhe rec/amalion success is obscured by rhese 
simple single paramerer siCaislica/ comparison because of/he differences inrhe 
vegelalive composilion among !he reclaimed and reference areas." In 
subsequent studies conducted by the NRCS and Cedar Creek other evaluation 
criteria evolved, as discussed below. 

Discussion- The three monitoring reports in 1991, 1996, and 2006 consistently 
determined that vegetation on the reclaimed mine areas can be considered 
successful in meeting the primary goals of landscape stability, productivity, and 
good to excellent plant communities. 

• The 1991 Landmark/Weston report recommended that the vegetation criteria 
be developed based on acceptable values rather than specillc reference sites. 
Using these criteria, "All o(lhe reclaimed sires e.rcepl one (vegelalion survey 
sire V-4) could be re/easedfi)}· posl-reclamarion land uses wirhoutfill'lher 
moniloring. " 
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• The 1996 Munk and Boden report stated that, "In general, reclamation in the 
pit hot toms can he considered successfid in meeting the goals of1andscape 
stability, productivity, and containment oft he prot ore." The reclaimed areas 
did not meet the strict numerical standards of the ROD requirements, hut had 
vigorous and productive plant communities with desirable perennial grasses 
and shrubs. 

• In the 2006 monitoring report (Cedar Creek 2006), in addition to assessing 
cover and productivity. fell lowed suggested protocol based on NRCS 
methods for evaluating and rating ecological sites f(lr health and stability in 
Chapter 4 of the National Range and Pasture Handbook for inventorying and 
monitoring land resources. The sampling and monitoring results compared 
these naturalized plant communities (on the reclaimed mine site) to the 
desired plant community based on the reclamation and revegetation 
techniques (grading, topographic and water control, and seed mix) used on 
the Jackpile mine. The trends and ecological health ofthe plant 
communities, and other physical attributes, showed excellent balance and 
sustainability of the reclaimed areas for physical structure (topography, 
soils), hydrology (streams, runoff~ watersheds, pools, springs and seeps), and 
ecology (vegetation, animals, and habitats). 

The results of the vegetation monitoring show good to excellent plant 
communities with fclliar cover values of 43-50%; according to Landmark/Weston 
( 1991) regional values are 10.3% to 26.5%, so the cover values f~\r exceed the 
90% specified in the ROD; and plant production of 523-1,043 lbs/ac on the 
reclaimed lands. The trends in vegetation arc stable for plant diversity and 
health. The reclaimed mine areas can be considered successfi.Iily revcgetated 
based on the available monitoring data. The reclaimed mine has stable and self~ 
sustaining diverse ecosystems with very good to excellent vegetative cover and 
productivity of desirable plant species, and good habitat for local wildlife. There 
arc no comparable reference sites for determining the success standards of these 
ecosystems as required by the ROD. The conclusions of the monitoring reports 
were that the mine has successfi.il vegetation based on production and other 
criteria of stability and sustainability. 

Conclusions- The Jackpilc Reclamation Project post reclamation vegetation 
monitoring program deviated fi·om the requirement of the Record of Decisions. 
This was due to evolution in the methodologies developed, accepted and 
routinely accepted in the scientific community in determining vegetative success. 
The monitoring met the intent of the ROD in determining vegetation success, in 
that the mine was very successfully revegctated based on important vegetation 
parameters of cover and productivity. ·rhe revegetation did not meet the strict 
numerical standards of the ROD, but had vigorous and productive plant 
communities with desirable perennial grasses and shrubs. The condition of post
reclamation vegetation is very good to excellent, and the reclaimed mine has 
stable and self~sustaining diverse ecosystems, and good habitat for local wildlife. 
Trends in vegetation are stable fclr plant diversity and health. 
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Item 9~D of the ROD requires pit bottom vegetation be sampled mmually for 
radiological and heavy metal uptake for a period often years. This was not done 
on a continuous basis during the 1 O~year period after reclamation was completed. 
Further discussion is presented in Section 1 O~Monitoring (1) and (g). 

Recommendations~ Vegetation uptake should continue to be monitored 
periodically in the future, especially in the pit bottoms. It has been suggested 
that monitoring he undertaken the next year and possibly every ilvc years after 
next year; especially in the pit bottoms and in the North Paguate pit in particular. 

10. MONITORING 

The monitoring period will VlliJ'for each parameter. Existing monitoring 
activities to be continued will include meteorologic sampling, air particulate 
sampling, radon sampling (ambient), radon exltalation sampling, gamma survey, 
soil and vegetation sampling, water monitoring, and subsidence. In addition, the 
monitoring program will be expanded to include: radon daughter levels (working 
leve/.1) in any remaining mine buildings, and groundwater recove1:v level.1/salt 
buildup in the open pits. The groundwater monitoring period will be of sufficient 
duration to determine the stable future water table conditions. Refer to Table 1-5 
of the FE!Sfor details of the monitoring plan as described under tlte Preferred 
Altemative. 

The Jacobs Environmental Monitoring Plan was developed J(Jr use during and after 
reclamation. This Environmental Monitoring Plan was approved October 1989 and 
implemented by the Pueblo of Laguna. To check for compliance with the ROD, 
OAS compared the Final EIS Table l-5 to both the Jacobs Environmental Monitoring 
Plan and the actual data sets provided by the POL. 

It was stated in the introduction to the Jacobs Environmental Monitoring Plan that, 
··as the .Jackpile Project proceeded into the preparations oj"thefinal engineering 
designs and detailed project operating plans. modifications to the monitoring 
program were developed." To view speci1lc rationale f(Jr changes, the Jacobs 
Environmental Monitoring Plan should be reviewed. For the most pmt, the reasons 
included additional data obtained since the FElS, technology advancements, closer 
review of existing data sets led to elimination of some monitoring as unnecessary, 
the decision to go with an independent party to collect and analyze the samples, and 
increased participation of the BIA in an oversight role. It is OAS" judgment that the 
reasons J(Jr modifying the FEIS lists appear to be reasonable and justi1led. 

Many of the monitoring details were i(nmd in other documents and evolved over 
time. To address monitoring requirements, OAS broke the requirements out and 
addressed general areas of Water Quality, Soils and Plant Uptake, Vegetation 
Success and Radon. Since the data had not been organized, reviewed, QC checked 
or evaluated, OAS attempted to do this to some degree and has included individual 
reports in the Appendices of this document. 
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The Jacobs Environmental Monitoring Report stated tlw• the \Vinci and 
precipitation data would be useful in determining when to conduct blasting 
operations, calculating radiation health impacts, determining irrigation needs in 
revegetation areas, and determining if operations should be stopped because of 
excessive dust. 

There were some references to the purchase of a weather station in a Project 
Status Report and remnants of a weather station arc ncar the old housing area. 
However, no data for weather monitoring was found. 

Table 15 
Meteorologic Monitoring Requirements Comparison 

The lack of meteorological monitoring data represents non-compliance with the 
ROD. However. the lack of data has no real impact on post closure health and 
the environment risk, since the disturbed areas have revcgctatcd well and there is 
no risk posed fi-om blowing dust. Consequently, failure to comply with this 
requirement is probably not a significant variance. 

Conclusions -Meteorologic monitoring was reportedly conducted during 
reclamation. There is, however, no data for monitoring conducted during that 
time. Meteorologic monitoring data was collected during reclamation as was 
appropriate. However, recurring data collection equipment problems resulted in 
discontinuous data collecting during the post-reclamation period. At least two 
different monitoring equipment suppliers were tried, but the power supply 
problems and problems with livestock destroying the equipment continued. 

Recommendations- No further activities arc recommended. 

b. Air· Particulates 

Table 16 below presents the air particulates monitoring requirements as proposed 
in the EIS, ROD and Jacobs Environmental Monitoring Plan compared to the 
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actual monitoring that was performed. The EIS proposed separate requirements 
for monitoring radiological and non-radiological particulates. The ROD and 
Jacobs requirements. and the actual monitoring that was performed, combined 
the radiological and non-radiological parameters as shown in the table. The table 
also shows the differences that were proposed in the number of sampling points 
and the duration of the monitoring. 

Table 16 
Air Particulate Monitoring Requirements Comparison 

' EIS .Jacobs Environmental ' 
··y·- -·1~·~"~~~~·~··"'·-~--~~~~-~~--~~--~"'·~~~-~-n 

'P=' t ~;Lr H~> -----""""7'""'" - A<;«&- J 

I
IIF re-g ;._£!~~_y-jtT ( n_ ~:::~:;:_;,a- h~(~~<~,:~:;\;_~~~ n_ at l~f~ ;~~~~'z,;;o- U ( n~ ;1,:~~: ;~u ~~~~ -~~ 
i 1226. Po-210. 226, Po-210. 210. Th-230, Total 226, Po-210, Th- II 

1
11

, Th-230, Total Th-230, Total Suspended Particulates 230, Total 
arametcrs , , 

Suspended Suspended (TSP) Suspended 
! Pa11iculates Particulates Particulates (TSP) 
I 1(TSP) TSP) 
~----··-----j --During- -~6uring consO~JZtiZ,n until 

reclamation & average levels :S 2 times 
I a minimum of background for 2 

lnuration In perpetuity 3 years after successive quarters; and 
Rcq uircmc11t 
Phased-out I rncr reclamation, one 

! .... "~~~~~~1-~~-~-~~00~~-J- "~~"-~---~_, .. ~J~::·S~:~~: .""~or:thi~l-3-~- '-~~~~~-~.~'~""·" 
In Section 3.3 of the Jacobs 1989 report, it was stated that "concentrations of 
uranium (U-238). thorium (Th-230) and radium (Ra-226) were routinely 
monitored during mining operations and the rep011ed results were within the 
standards of the NRC (1 0 CFR Part 20)." Because the reclamation activities 
were expected to produce less dust than the mining operations, it was anticipated 
that the radioactive particle concentrations would be very low. During the 
reclamation operations the results of continuous sampling indicated levels of 0.5 
of background to two times background for at least two successive quarters. As 
the cover was being placed, the levels gradually declined. When the reclamation 
was completed the levels were consistently at background levels or less than 
background. Based on those results, the BIA Contracting Officer (CO) and 
Pueblo of Laguna reportedly agreed to discontinue the particulate sampling as 
allowed for in Section 5.4 of the 1992 Post Reclamation Long-Term Monitoring 
Program ''Phase-Out of Reporting Requirements''. That section allows the 
requirement to be phased out if the BIA CO agrees that it has been adequately 
demonstrated that the goals and objectives of the monitoring function have been 
met. 
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Conclusions- The BIA Contracting Of!icer (CO) and Pueblo of Laguna 
reportedly agreed that it had been adequately demonstrated that the goals and 
objectives of the monitoring function had been met and agreed to discontinue the 
particulate sampling. 

Recommendations··· No further activities arc recommended. 

c. Ambient Radon 

The EIS requirement f()r monitoring of radon gas is compared to the ROD, 
Jacobs Environmental Monitoring Plan, and the actual monitoring that was 
pcrf(ll'mcd, and is presented below in Table 17. 

Table 17 
Radon Gas Monitoring Requirements Comparison 

5 

i 
liFre<]Urncy Monthly 
I • 

I 

-'Parameters i' Rn-222(pCr/l.) 
~------ ~--~M,,~;lu,~0f-

1

Duration 3 ) ems a1icr 
Reclamation 

--------.=-~-=----~~ ----- --=~ 

Item IO: 
Per EIS 

Table I -5 

Actual 

Paguate. and 3 sites in onsite I 

bui.lding_"--·-------------- Requirement j 

[
Continuous alter construction was \Vaivcd ! 

(3pCi/L fclr 4 quarters. 2 location because I 
!in NYaguatc pits, 3 locations measure- i 
outside N.Paguate pits, 2 locations 1 mcnts were j

1 

in S.Paguatc pits~ consistently 'I 

4 locations outside S.Paguatc pits. he low the j 

2 locations in .Iackpilc pits. 4 limit of 
locations outside .lack pile pits, and 3.5 pCi/L set i 
2J.~~~~!.!.?J_~j_l_!J~~g~!_0_!!:. _____ .... ~- by the ROD li 

~;;;;:;:-;:.~,jl,!l 
than 3pCi/L above background _ 

The specified limit for radon gas levels after reclamation was 3 picocuries per 
liter (3 pCi/L) above the background level of 0.5 pCi/L, f(lr a total limit of 3.5 
pCi!L. Radon-222 gas was measured as suggested by the monitoring report 
(Jacobs 1989). The cups were set up on post three feet above ground at each 
location, and collected quarterly from April 1990 to May 1997. The monitoring 
station locations and time were recorded on Radon Test Detector log sheets or 
field forms, and the results listed on Radon Measurement Data sheets and 
Monitoring Reports for each quarterly testing period. The complete radon-222 
survey results were tabulated and reported in the 1996 Annual Report for the 
Jack pile Reclamation Project. Measurements are reported in picocuries per liter 
(pCi/L). 
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Conclusions - All recorded radon gas measurements were consistently below the 
limit of 3.5 pCi/L set by the ROD. Because of the consistently lov. 
measurements it was mutually agreed to phase out this requirement. 

Rct·ommendations- No further activities are recommended. 

d. Radon Daughter Levels 

No records of radon daughter monitoring in remaining mme buildings was 
located. It is not expected, but if any of the remaining mine buildings have 
residual Uranium series contaminants (U, Ra 226) and the air in the buildings is 
relatively stale, monitoring is advised prior to extended occupancy. 

Conclusions-· No records of radon daughter level monitoring in remaining mine 
buildings were located. A radon daughter limit of0.03WL working level was 
the specified threshold for this parameter. This is potential(p non-compliant 
with the ROD. However, the buildings were reportedly razed at the start of 
reclamation. Therefore, compliance could not have been conducted or expected. 

Recommendations -It is not expected, but if any of the remaining mine 
buildings have residual Uranium series contaminants (U, Ra 226) and the air in 
the buildings is relatively stale. monitoring is advised prior to extended 
occupancy. 

c. Radon Exhalation 

Radon Exhalation is the rate of Radon-222 emanation at the ground surface. It is 
a flux measurement of rate over a surface area. The Jacobs Monitoring Plan 
eliminated the requirement to measure radon flux "due to difficulty and technical 
infeasibility of'accuratel)! measuring radon/lux". The correlations of flux to 
doses of inhaled radon-22 arc poor. There was never a flux standard established 
in the loiS or ROD to compare flux measurements. 

Tahle 18 
Radon Exhalation Monitoring Requirements Comparison 
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This monitoring requirement was eliminated by design at the time of monitoring 
program development, so while the letter of the ROD \Vas not meL the 
elimination of this monitoring item was authorized when the monitoring program 
was adopted. 

Conclusions- This monitoring requirement was eliminated by design at the time 
of monitoring program development, so while the letter of the ROD was not met, 
the elimination of this monitoring item was authorized when the monitoring 
program was adopted. 

Recommendations- No further activities are recommended. 

f. Gamma Survev 

Table 19 below presents the gamma radiation monitoring requirements as 
proposed in the EIS, ROD, Jacobs Environmental Monitoring Plans, and the 
actual monitoring that was performed. 

Table 19 
Gamma Radiation Monitoring Requirements Comparison 

~=}~~L~Jl~t;~~~~;~~~8 
I area~ Paguate tov.,:nsite, 1 

!sampling 
lpoints 

Each waste 
.. dump and 
selected 
reclaimed 
areas 

Each waste 
dump and 
selected 
reclaimed 
areas 

\vastc dumps & pro tore 1 

stockpile areas, crusher J 

areas, haul and access roads .. I 
Each waste dump and loading dock & rail spur ; 
selected reclaimed areas from Quirk Station north to j 

the project boundary, 3 pits . 
(N.Paguatc, S.Paguate & 
.lackpile during backfilling 
& covering with shale and 
topsoil. The final aerial 

1- ········-·-····~- -~-----~ ----·- survc~~-~--!]_91 conducted 
~q ucnq __ J\s Needed As_ Needed _ J\s Needed~--~--~~-~~---:1 --~------II 

I 
Ground Ground Ground survey, plus final Ground survey. 
survey, plus survey, plus aerial survey Final aerial survey not 

raramctcrs final aerial final aerial conducted i 

i i 1- i3L~.f~~~~·--~-·---.. ii~~~~--- Before seeding~~,d~nce. 6~·-ou-~~ su·~-~v_e_y_. ··~-" .. _ .. _ ....... _ · 

I seeding and seeding and after reclamation is Final aerial survey not 
jDuration once after once after completed conducted I 
i reclamation is reclamation is I 

[_~ __ C()nlE!~ted __ ~---~ ~£!]_2£1~el~sJ .. ~~~-~~~~ ~-~~~~"-"~~~~~-,~~,L-.. ~~~-~~ ~~~~ ~~--- .. ~,",-~~-~' 
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The spccilled limit Cor gamma radiation levels after reclamation was twice the 
background level of 14 micro Roentgens per hour (flR/hr) f(Jr a total limit o1'28 
fl[V'hr. 

Gamma radiation was measured using a TMA/Eberline gamma meter held three 
feet above the ground. The gamma surveys started during construction in 1990. 
and were concluded in 1993. when placement of the reclamation cover was 
completed. The required llnal aerial survey was not conducted. However. the 
ground survey that was conducted exceeded the requirement and it indicated no 
exceedance of the established threshold. There arc no records of gamma 
radiation surveys after 1993. The following arc the areas surveyed during the 
period of 1991 to 1993. They were selected based on recommendations fi·om the 
EIS and monitoring reports. 

I. Shops. construction buildings, and offices; housing area; Paguate 
townsite 

2. Waste dumps and protorc stockpile areas 
3. Crusher areas; haul and access roads 
4. Loading dock and rail spur fi·om Quirk Station north to the project 

boundary (in 1990) 
5. Three pits (North Paguate, South Paguate, and .lackpilc) during 

backfilling and covering with shale and topsoil 

Gamma radiation was measured using grids ( 1 OOx 100 feet or 200x 100 feet) and 
recorded on field sheets, log and summary analytical sheets, and hand-drawn 
field maps. Measurements arc recorded in micro Roentgens per hour (iJR/hr). 

Gamma radiation on the mine reclamation areas was reduced by moving protore 
and surfaces of the contaminated areas into the pits and covering them with shale 
and topsoil. Waste dumps that had Jackpilc Sandstone on the surface were also 
covered with topsoil. These activities effectively reduced measured gamma 
radiation to acceptable levels of less than 25 iJR/hr on the mine areas up to, and 
during, 1993. There were no records of post-reclamationmonitoring of gamma 
radiation after completion of reclamation in 1996. 

Conclusions- Based on this radiological measurement review, the following 
conclusions can be drawn: 

1. Gamma radiation monitoring levels were consistently below the 28 iJR/hr 
requirement, or lower, and a continuous monitoring program was not 
warranted. 

2. The gamma radiation monitoring requirement stated that a ground survey, 
plus a final aerial survey, was to be conducted. The monitoring was to be 
conducted before seeding and after reclamation was completed. 
Monitoring was conducted before seeding. but the final aerial survey was 
not performed. 
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3. It is recommended that a Jlnal ground survey, or final aerial survey, be 
conducted. especially on the access roads. pit bottoms and former protorc 
piles sites to verify that these areas meet the 28 J.!R/hr requirement. 

Recommendations- Based on these conclusions, the i'ollowing 
recommendations can he made: 

I. Gamma radiation levels should be checked at least one more time to 
verify that reclaimed areas arc meeting the standard of28 J.IR/hr. 

2. The reclaimed mine can be released i!·om any requirement for radon gas 
measurements, and should present no hazards for human health. 

3. ·rhc results of the process and sampling during the current and previous 
radiation monitoring should be reviewed. 

4. Gamma radiation levels on the access roads, pit bottoms and f(mncr 
protorc pile sites should be checked at least one more time, and in the 
future if the topography changes. to verify that those areas meet the 28 
J.!R/hr requirement. 

g. Soil 
There were three types of soils testing discussed in documents associated with 
the Jackpile Reclamation: I) testing f(Jr suitability for topsoil that could support 
revegetation goals, 2) testing of heavy metals and radiological compounds and 
3) testing for salt buildup that could reach concentrations toxic to plants. 

Table 20 
Soils Testing Requirements Comparison 

r:= -_ ~-~~---1 -~~~~~l~b~~~~:) ;r··~~~~~::J~~~I~=~~~l~~=~~~~-~:~::~-:~~~~~:] 
11 fQLS_<llL1?.lill.lliul 11 .) forJ.QJ2~91LS.ulteb.ULty I 

,i c2' NP Pit: 2 cast 2 west Landmark/Weston i 

I ·c; SPPit: 2east2west (199J)colleeted38 I 

i
l ~ .lackpile: 4 locations samples from 26 ! 

One grid per :::J Jlalfthe locations in each locations in the pit 
1 50 acres on '":"' pit \\:ill be in areas where areas. 
I Sampling each waste ponding occurs after large ?.) For Potential for Plan) 
! Points (U 

dump and pit :0 precipitation events and Uptak~ 

bottom ;.": half on well-drained areas. Munk & Boden 
v; Sample collected from 3 (I 997) collected I 2 

I 
w to 9 inches below surface. samJJies 

I 
~ Sampling points maJkcd 3.) No Salinity Sampling 

f ~ · 1_\l_th 3 JCl"lcStCC!£()StSc __ ------·------
~-----::JOn~-;:-Ptio;-tOI 1] I.) Once 
Fre<Jl'_<:~"_)J __ Si_e>cdmg __ ~~~J1ually __________ 2 ) Qtl~~ 
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1 RA-226, 
1 

Ca. Mg, Na, SAR, soil 
I U(natural), r·--·-··-1 I,) pH, EC, saturation%. 

1. Th-230, iEC of saturated paste characteristics 
lljParamctcrs Se, Va, As, I !extract 2.) As, Cu, Mo, Pb, Se, Zn, i 

l"~~j~:~~~,t~::~";~~m~f~J 
1) TopsoiL The Jacobs Monitoring Report discusses soil testing to determine 
suitability for topdressing which was part of the reclamation operations and 
included in the construction specifications. It was not a part of the Long Term 
Post Closure Monitoring Program discussed in ROD Item I 0. There are several 
reports which contain data on sui is for suitability for top dressing: 
Landmark/W cston ( 1991 ), Munk and Boden ( 1996) and Munk and Boden (1997) 
[Munk, Lewis 1'. and Boden, Paul, Soils and Biogeochemistry, "PorenlialfiJr 
Plan! Uprake ojHemy Aierals and Radionuclides, Norrh and Soulh Paguare 
Open !'irs, .Jackpile-Paguale Uranium Mine", May 1997]. Appropriate topsoil 
source areas were f(Jund. 

2) Radiologicals and l·l§,::;yy]'0.Qtals. The EIS Table 1-5 presents radiological 
and heavy metal parameters to be tested in soils fi·om the dumps and pit bottoms, 
to assess potential f(Jr plant uptake. The Munk and Boden ( 1997) reports that 
samples were taken at 12 locations within the pits f(Jr some radiological and 
heavy metals compound. The analyses of the soil topdressing, shale cover 
material, and protore in the pit bottoms indicated that the heavy metals arsenic, 
copper, lead, molybdenum and zinc occurred at typical levels f(Jr natural soils. 
However, selenium, vanadium radium-226, Pb-21 0, Po-21 0 occurred at elevated 
levels in the Jack pile Sandstone protore. The exposed protore was considered the 
worst case scenario. All exposed protore within the pits were covered with the 
agreed upon barrier cover and topsoil depths and thus those elevated 
concentration should be of no concern. The ROD requirement for monitoring 
was meL 

3) Salt Buildup. The ROD required salinity monitoring in the pits. The Jacobs 
Monitoring Plan directed the soils in the pits be monitored for salt buildup since 
a survey of drainages blocked by waste dumps showed the build-up of salts to 
levels toxic to plants in areas adjacent to the blockage, There were no data f(Jund 
regarding monitoring for salt in soils. 

Conclusions- The topsoil, radiological and metals monitoring requirements of 
the ROD have been meL ·rhe salt buildup and impact to grazing has not been 
meL 

Recommendations -The lack of salt monitoring represents non-compliance 
with the ROD requirements; however, the presence of well established 
vegetation would appear to indicate that salt buildup is not occurring. It is 

47 
OA 5)!sfems C(Hporalion Sept em her 201!7 



0500058

Jackpile-l'aguu/e Urunium Mine 

---------~--------·-------~---------~--- ____ l{CZ.Q2TfL(d:l?.f_(i~)Q!1.0!J!JJZhU1K'.(.A.SSf5.:.WHUJ[ 

recommended that the pit bottom soils be analyzed for salt build up, and in the 
future if it appears that salt buildup is occurring. 

h. Radionuclidc and Hcavv MctallJptakc into Vegetation 

The Jacobs Environmental Monitoring Report reports that early data sets sho\vcd 
that "vegelalion onrhe dislurhed areas is nor accumularing he my 1nerals or 
radionuclides in concenrrorions rlwr are roxie lo lives rock". but that it would be 
prudent to monitor to sec if uptake changed with time. 

Table 21 
Monitoring Requirements for Radionuclide and 

Heavy MctallJptakc Into Vegetation Comparison 

I ~"-·"··~-l~- ~c:Ia~~:I~~ T---~-~~o; -_--_- r';~:~, :~:;:;;;~~~~~,~:: t;r··~ctuai- -] 
~-~-~-·· lr~~~cc~~~n --- -. ------ ·- ·--, 0;~~-~::,:c~n per~:~~------ --~~ 
i Sampling selected reclaimed .I 
I with JSS on outer Pit Bottoms 
-
1 
Points waste dumps and all 

surface 
il-------·---·· .. ____ ]J_it_\_lott oms 

1 

_ ....... __ ·-·--·-·- ____ _____ _ 

I! Frequency Annual!)• 1 I Annually ;~~~: 22~~;6 j t··--------··-· -------····------·· :·----·--·-----·--·-·--- ·-------- ... j_ 

I lJ( I) !'A ov I 1-- l"bl 1. . c As, Cu, Pb, I' 
i natura : '\.- -.... ~0, Jtcm J2: ::,( 1 C ·raC110ll lOr ]\A . s· y_ li 

I 
ip Of() '1"1 O'Q s I' 07(:" I' 21() ,'JO,. c, , I' 

I' ' o-~ · 1"" 0 • • c, FIS Table I 5 'a-~~'· o- ' z· 1'[.71 tl ,! I aramctcrs.l' V A ·c ("\ ~' . . . -.' l'l "10 S V A I __ n, J- . 'I 

j Pb. Zn years f(JIIowing Mo, Pb, Cu, Zn Ra-226 I 

1 

1 

' s, u~ _c, 1
v

1o, minimum 10 )-.{.. ' "c, a, - s, Po-21 0. l' 
!------·-··-·------ ~---------~---- reseed i 11 g ·--------------~---------------- ---- -- -- --- I 

Commence one year 
1 

after reseeding for a ' 

A minimum of I 0 lmlnimum of I 0 ycm s ,., 
foliO\\ ing reclamation. 1

1

· 

years f(JIIowing • Increase locations if the 
reclamation 1 I trends indicate that , 

Duration 

"--~~., •• ,,, ......... ,. .. 1.. ····----------·--·--···--·· ---"~----~ .. ~;!"c~~~~~::c~::~ .... L ................ . 
The Jacobs Environmental Monitoring Plan presents justification for eliminating 
some of the compounds contained in the EIS Table 1-5. The report stated 
"Thorium-230 does nor presenl a signijicanr ingesrion parhway, Uranium has a 
low plan! uprakefitclor. Ph-2 I 0 presenls rhe grearesl human exposure". 

There were four years (2001, 2003, 2005, and 2006) in which vegetation was 
clipped and analyzed f(Jr heavy metals and radionuclides. The data arc 
summarized in the Table 22 below. 
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Table 22 
Summary of Results of the Heavy Metal and Radionuclide 

Vegetation Uptake Monitoring for the .Jadq>ile Reclamation Project 

Metals 

Measured uptake concentrations of metals into vegetation were either below, or 
within, normal ranges for all heavy metals analyzed. As discussed by Munk and 
Boden (1997), the potmtial for uptake by most plants is minimal given the soil 
properties in the pit bottoms. This was confirmed by the four growing seasons 
(2001 to 2006) of vegetation sampled and analyzed for heavy metals. There was 
some concern by Munk and Boden ( 1997) that selenium and vanadium may 
accumulate on the surface soils and be translocated fi·mn the Jackpile Sandstone 
backfilled and covered in the pit bottoms. However, there was no increasing 
trend of these two metals measured in the vegetation eleven years after 
revegetation was complete. 

The concentration in one shrub (four-wing saltbush) analyzed for selenium was 
within a normal high range, and may indicate that this shrub species is a 
secondary accumulator. This species is a member of the goosefoot family, and is 
not generally grazed by domestic livestock when other more palatable grass 
species arc available. 

Domestic livestock can graze the grass/shrub vegetation in the pit bottoms 
without toxic efTects fi·mn heavy metals. Selenium was the only metal found to 
have the potential for sub acute toxicity on one sampk in one shrub species that 
is generally not browsed by livestock. It is not recommended that heavy metals 
be monitored in the future based on the sample results to date. 
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Radionuclides 

The concentration levels of radionuclides in the plant samples analvzed were 
uniformly low with no increasing trends in levels over the four seasons 
vegetation was sampled. The concentration levels are well below the values that 
arc considered toxic to domestic livestock or wildlife: therefore, radionuclidcs 
would not need to be sampled in the future. 

Conclusions- The Jackpilc Reclamation Project vegetation uptake-monitoring 
program deviated fl'clm the requirement of the ROD in that heavy metals and 
radionuclides were not measured for ten consecutive years after reclamation was 
completed. Vegetation had low levels of metal and radionuclidc uptake based on 
sampling and laboratory analysis. It is believed that vegetation growing on the 
reclaimed mine presents a minimal potential for hazards to domestic livestock or 
human health due to the low or normal concentrations of metals and 
radionuclides. 

Recommendations -As previously mentioned in ROD Item 9, it has been 
recommended that uptake monitoring be undertaken next year and possibly on 
Jl\'C-year intervals thereafter in the pit bottoms and particularly in the North 
Paguate pit. 

i. Water Quality 
OAS reviewed the post-reclamation water quality monitoring and data with the 
intention of: determining if the post-reclamation water quality monitoring has 
met the requirements of the ROD. examining the water quality data collected as 
to its validity and its applicability in assessing long-term risks to people and the 
environment, defining contaminants of concern and trends of these data, and 
making recommendations as to future monitoring programs and steps that should 
be taken to ensure the health and safety of nearby residents. This study is 
documented in the report "Jackpile-Paguate Uranium Mine Post-Reclamation 
Water Quality Review" presented in Appendix D. 

• Sampling Points 

Table 23 presents the groundwater monitoring points. The FEIS proposed 
using 17 existing wells, the Jacobs Environmental Monitoring Plan proposed 
nine (9) groundwater well locations and formations for completion and six 
(6) wells to monitor the open pit groundwater. and two (2) or more wells at 
the discretion of the POL and BIA. According to the Jacobs Environmental 
Monitoring Plan, the existing wells were old, poorly constructed and 
documented, not located properly for assessment of long I<.Tm monitoring of 
contaminant transport, so in effect unusable. Eight (8) we,,s were established 
in accordance with the Jacobs Environmental Monitoring Plan, one deep 
upgradient well collapsed and was abandoned early in the monitoring period. 
The two wells to be designated afler the monitoring program was initiated 
were never placed. It is assumed that the 7-well coverage was deemed 
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adequate by POL and BIA. Although the plan called for a downgradient well 
in the deeper Jackson Sandstone formation, both wells that are downgradient 
of the pits are completed in the Alluvium (MW-2 and MW-6). Four (4) of 
the six open pit wells were installed. No wells were installed in the Jack pile 
Pit. This oversight was corrected in 2007. None of the discretionary wells 
were installed. 

; Old wells \\ere 
! not part of the 
! rcclam<ltion 
I monitoring 
i program. 
! These were 
I deemed by 
I 
1 Jacobs to be 
1 deteriorating, of 
i unknmvn 
i 
; construction 
i materials and 

.( configuration. 

1: 

I 
I 
: 
I 

Table 23 
Groundwater Monitoring Points 

North of North Paguate Pit 
(background well) 

.lackpile 
Sandstone 

MW-1 

monitoring 
program 
(.ISS, Stcel,_:l56 ft.) 
Upgradient of 
Paguate Pits 
(.ISS. PVC. 231 fl.) i 

- N onT1~m~~-thCast-OfXf;~kJ) i"iz-- ----------l~-- . ··-ru,;g~~dT~-;~t-·~;T ___ , _____ ,.. 
Jackpilc -

Pit , MW-7 Jackpilc Pit 
Jback ~ro_u!ld_':l'cll) ...... ~ ~ndston_c_l--~~~------- __ j_.I_~?,P~,C:o}__7_~1_:L I 
North of the Rio Paguate 
and west of the Rio 
Moquino ncar the 
confluence 

South of the Rio Paguate 
and north of the South 
Paguate Pit 

South of' the Jackpilc Pit 
oflices and cast of the Rio 
Paguate 

Alluvium 

Alluvium 

MW-4 

M\V-3 

Not Installed 

Between So. Pit 
and River 
(Alluvium. PVC. 
50 ft.) 
Bet\veen No. Pit 

(AIIuvrum, PVC. 
60ft.) I 

and River I 

Dov-. m!I ad1ent of ! 
In Oak Canyon ad_,·acent to Jackpi!e --- 1 

MW-5 South Paguate P!t 
the designated site boundary Sandstone J 
c-------------~--~-----~- ~- ~------ ~;~:;,:~~~~$~1 i 

Ncar the Intersection of the a!! pits along Rio 
south end of the designated 
site boundary and the Rio 
Paguate 

Jackpilc 
Sandstone 

MW-2 
Moquino 
(Placed in 
Alluvium, PVC. 40 

'-----------~-~L_ ______________ ~------- -------------------ft._) -~-~-----' 
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In examining the monitoring wells outside the mine pits, the upgradient wells 
(MW-1 & MW-7) arc screened in the Jaekpile Sandstone. The intermediate 
wells (MW-2, MW-3, & MW-4) arc screened in the Alluvium. The down 
gradient well in Oak Canyon is screened in the Jackpilc Sandstone, but the 
downgradient well positioned to monitor the Jackpile pit and serve as the 
compliance well near the southern boundary of the site is in the Alluvium. It 
is recommended that one of the discretionary wells be placed in the 
Jackpile Sandstone formation to determine the true impact to that 
valuable aquifer·. 

Table 24 presents the surface water monitoring points. The FEIS proposed 
using 7 locations (unspeciiic in Table 1-5), the Jacobs Environmental 
Monitoring Plan proposed six (6) descriptive locations plus each major pond 
in the open pits. The six (6) locations proposed in the Jacobs Environmental 
Monitoring Plan were sampled, plus a sampling point at the reservoir/lake. 
No ponded water in the open pits was sampled until April 2007, when the 
pond in the North Paguate Pit was sampled and analyzed. 

52 
OA S)'slems Corpormion Sep!emher 2007 



0500063

Jackpi!e-Paguate Uranium ltfine 
_____ J?.f.£fJJ_·d_gj_j)eci!iJi.!ll_L2P]J}liQllQ~ Assess men~ 

Table 24 
Surface Water Monitoring Points 

,- ;:·~~~-··;~-~-~-···---·-~·-~-·-~-~ .. --~~~-~--~--~~--···-· 
1! I· mal LIS J t 1. . I 
I; 1, f " . a co Js ·.nVIronmcnta 

1 rc errcu 
ii-~_n_ Monitorin~-~:~~~-- ----------·---
.1 Sampling Points in 
I W Ill . Surface Water Cl M . . 

amp mg ocatwns 

Actual 

Variation 

I 
c ~ocatwn S 1. L . osurc omtonng 

Program 
~~~~-~---1~~~-~~:11 :~,;;:·~~'~;,;,-~ r--~·-·z;·R~-~~~ -~-~-·- -··---·] 
I ~~~~~~uino '~_"ve the ~0~1fl~cnce I ____ :·R~=~=~- . =-~~ 
! _Upstream ~~~1c Rio Paguate URP II 

7 Points Rio Paguate above the confluence .. -···-----, __ ;;-, ------~- ----·----~~ 
(no specillc ---.. ·---------·--------· ..... -------------- ---- il 
i~~~i~~:~~~~) -~~~-~~~~ate ~:clow the confluence -· --~--·--·-·------~1:M1 ______________ __j

1
.il 

Rio Paguate··- Ford Crossing ' I 
------- . ··~---·---------------· ··---~···------ i 

Not done I 

Lake/Reservoir \Vas I 

permanent I 

Each major pond in the open pits designated as a I' 

·"-~·~·-=·-"~~-=c-·==·~~--=M·,-.,~=="====eo=.=~~-"-=·"'-"·~'"'--.,--·~~=-==·===~~~~"~~--'"--'--'"'"-'-"'"~"'"-'=~~-~!l~l-i_!_~_g__l~c:?-~!!~===e-JJ 

• Sampling Parameters 

Similarly to the sampling points, some of the sampling parameters and 
fi·cqucncy changed (justifiably) between the time of the Final EIS and the 
development of the Jacobs Environmental Monitoring plan. Table 25 
presents the groundwater monitoring parameter comparison. 

OA S}·stems Corpora/ion 

Table 25 
Groundwater Parameters 
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! i f Environmental I 

h,, """" I ",,,,,-,.,,;;;,. '"" I """""' ; "g '""-- "" ,;,, ' '"" 

! J I Base/neutral, acid i 
I : 
i e:-.:tractables, and ! 

I 
I pesticides ! 

_____ ~-~------______j_(EP,;,_~cth()cJ_(ji_5)_ --~---- --~------1 
1 There was some variation year to year, but this represents the most consistent parameter list for i 

the 1 0-ycar post closure monitoring effort ' 
Natural Resource Consultants and Testing Laboratory performed the early monitoring through 

1 

about 1994 and did not analyze Ag,Zn,TSS. Hall Environmental Laboratory performed the later 
1 

L~:~?!o~--~-~-~9~~-~ .. -~.!.~.~.l~U?.1.~~~-fl~~~ ~~ ~--=-~~~===·==-~.,.·.·~-~~·"'·---- .. - . J 
Groundwater monitoring during construction (between 1989 and 1994) 
consisted of semi-annual monitoring of each of the monitoring wells with the 
exception MW-8, which was abandoned. Samples were taken in April/May 
and in November/December. The parameter list consisted of both sets of 
parameters recommended by the Jacobs Environmental Monitoring Plan. At 
the time of this review, water level information was only available on a 
semiannual basis between May 1992 and November 1994. 

The post closure monitoring (1995-present) encompassed most of the 
parameters in the Jacobs Environmental Monitoring Plan and the sampling 
was performed annually across the board during April/May of each year, 
providing a redundancy that may not have been needed. 

• Surface Water 

Table 26 
Surface Water Parameters 
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Twi~c pc1~_y_~~~~-- --~-~-~~..!._ ____ _ 
Twice per Y car Annual 

Groundwater monitoring during construction (between 1989 and 1994) 
consisted of semi-annualmonitoring of each 

A total of seven surface water stations were monitored. These stations 
correspond to the six (6) river stations in the Plan plus the reservoir/lake. No 
samples were taken of the ponded water in the open pits until April 2007. 
Samples were analyzed for both sets of parameters recommended by the 
Jacobs Environmental Monitoring Plan on a semi-annual basis in April/May 
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and November/December between 1989 and 1994 and annually in April/May 
between 1995 and the present. 
• Water Quali(p Assessment 

'fhe Jacobs Environmental Monitoring Plan required that the Construction 
Management Company audit laboratory procedures, check for anomalies and 
proper analytical procedures, compile data on a quarterly basis (submitted to 
POL and BIA), and prepare annually an Environmental Monitoring Report 
(containing trend graphs, discussion relative to accepted standards, 
discussion of anomalies, etc). Only the 1996 annual report was found 
( "Jackpile Reclamation Project, Pueblo of' Laguna, New Mexico, Annual 
Report", 1996). The data available to OAS was raw data. The post closure 
monitoring data was provided electronically predominantly directly by the 
analytical lab. There appears to have been no attempt to o1·ganize or 
evaluate the water quality data for the post closure period. As a result. 
many parameters were analyzed much more fi-equently than required (some 
that were required to be monitored only once were sampled and analyzed for 
18 years. sometimes twice a year). Also, opportunities for corrections and 
modifications to the monitoring plan were missed. Perhaps most 
importantly, the lab data was not reviewed and some of the lab data is 
suspect. 

For this section, data were evaluated f~lr the Post Closure Period (the last I 0 
yrs- 1997 through 2006). It should be noted that there are complete data 
sets for years prior to 1997 but these ten years were considered the most 
appropriate for this ROD evaluation. ln the evaluation of these data sets, 
there were both positive and negative aspects as presented in Table 27. 
Overall, there appears to have been no cfTort to evaluate the data over the last 
ten years. Data was not organized, laboratory QC/QA was not analyzed, 
trends were not evaluated, and conclusions were not drawn as to the potential 
hazards groundwater or surfi1ce water posed to human health and the 
environment. 

Table 27 
Water Quality Data Condition 

~-~~,~~~,:::;(;~:: "~~~~~ ] - -,~-,-~----~-N~:;~v-c~-~~~-~ ~-] 

r: ~~,~~:~:-f~~~~~T;;~o~:-:,::--:-,r l"'''cd---~,---~---"-" :~ ~::~,~;~;~~~~~~~::~~)~~'0' the --~ -~~ 
• Duplicate samples and QA/QC samples were Reclamation Project performed ~~ 

identified standard quality control and quality 
1
! 

• Detection limits were f<x the most !)art assurance procedures. .li 
i! 

satisntctory I • Data transfer to logical readable i 
• V/ith a few exceptions, all parameters as tables was time consuming. J 

suggested by the Env_ ironmental Monitoring _· It app-ca·r-·s. that the data was not . 
program were analyzed for each year evaluated on an annual basis to 

~"·==-~~~-~~?l~ \_~ere ~o~-~c~~i!,,EOJ~sistent!~ ~~~~02.~.~~~---~-- -~~~-:.~~~"~~>:_ !r~-~~s and -~onccrn~_:. --------~='""--
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Positives Negatives 

months of April and May for each year • No v·:ater quality standards were 
defined in the ROD, Monitoring Plan 
or EIS. 

• No wells were installed in the 
Jackpile Pit 

• Ponded water in open pits was not 
sampled 

• A well was not installed in the 
Jackpile Sandstone formation ncar 
the downgradicnt boundary 

• Some of the depth to \Vater 
measurements in the monitoring 
wells was not available. 

I • Flow, although not required by the 
ROD would be helpful in 
understanding the surf'ace Wdtcr flow 
system. 

• QuaWv Control and Quali(V Assurance 

In the evaluation of water quality data, quality control and quality assurance 
measures taken in the field and in the laboratory arc of primary concern. The 
Jacobs Environmental Monitoring Plan goes into detail on how samples arc 
to be collected in the field and usc of duplicate samples to ensure that the 
laboratory analyses arc acceptable. OAS was unable to obtain written 
sampling procedures fi·om the current laboratory. For this reviev,·, it is 
assumed that these procedures were followed. Even though duplicate 
samples were taken, it is not apparent that these data were used anytime 
during the ten years of post rcclamati,,n monitoring to check on the accuracy 
of the lab. In addition, cation-anion balance calculations apparently, were 
not performed. The cation-anion balance is a long-practiced, standard 
procedure to check analytical data where relatively complete mineral 
analyses arc available, which is true in this case. To calculate cation-anion 
balance, parameters for cations and anions arc converted to mcq/L and the 
sum of the major cations (Dissolved Calcium, Magnesium, Potassium and 
Sodium) should be within 5% of the sum of major anions (Total Alkalinity, 
Chloride, and Sulfate) in meq/L. In the case of the Post Reclamation 
monitoring only 42% of the samples were in the acceptable range (within 5% 
of each other), 33% fell within suspect range (within 5 to 1 0% of each other) 
and 25% fell into the unacceptable range (greater than I 0% of each other). 
Every sampling period had at least one unacceptable sample. Had the data 
been reviewed and this simple calculation been made in a timely fashion. the 
laboratories could have been challenged. With only 42 % acceptable·- we 
question the validity of the entire data sets. 
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• Data Review 

'r Hydrochemistry -Groundwater 

Hydro Geo Chcm, Inc. did a 
complete evaluation the 
hydrochemistry of the .lack pile
Paguate Mine. (Hydro Geo 
Chem. Inc. "Effects of' Uranium 
Mine Dewatering on the Wafer 
Resources oj'rhe Pueblo of' 
Laguna, New Mexico. Final 
Reporr", March 15, 1982) In 

EVOLUTION with RETENTION TIME 

CATION 

Calcium 
,j, 

Magnesium 
,j, 

Sodium 

ANION 

Bicarbonate 
,j, 

Sulfate 
,j, 

Chloride 

their work, they concluded that groundwater at the mine site shows a 
chemical evolution Jl·om a calcium-sulfate to a sodium sulfate type. This 
is attributed to cation exchange along the groundwater flow path fi·om the 
Zuni Uplift to the Pueblo area. When the water enters the Rio Pucrco 
Fault Zone it mixes with more saline waters upwelling Jl·om the Permian 
rocks. Harold I I. Zehner also evaluated groundwater at the mine site 
(Zehner, Harold I L. US (3cological Survey, Water Resources 
Investigation Report 85-4226, "Nvdrology and Wa/er-Qualily 
Moniloring Considerarions, Jackpile Uranium Mine, Norlhwes/ern New 
Mexico", 1985). His analysis indicated that well water in direct contact 
with clay and shale arc dominated by sodium cations and 
bicarbonate/sulf~rte anions, whereas water fi·orn wells completed in more 
oxidized clay and shale arc predominated by sodium-· sullirtc waters. 
Wells at the time of the Zehner (1985) study ranged in total dissolved 
solids between 900 and I ,500 mg/L. 

Evaluation of groundwater water quality data from the 2005 sampling 
(the last full set of data at the site available at the preparation of the 
report) indicates that groundwater has evolved over time with sulfate in 
most cases being the predominate anion and sodium being the 
predominate cation in pit wells and in wells which arc completed in the 
Jack pile Sandstone. Wells completed in the alluvium range fi'om 
calcium-sulfate type water (MW-4) and calcium-bicarbonate water (MW-
3) in wells crossgradient to the mined pits to magnesium-·sulfate water 
(MW-2 and MW-6) in wells downgradient of pits. These wells can be 
influenced by recharge fi·mn adjacent surf~1cc waters. These data arc 
summarized in Table 28. Total dissolved solids (TDS) have increased 
fi·om those reported in the earlier studies, ranging between 671 mg/L 
(MW-3) and 8,080 mg/L (NPOP20E). 
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Table 28 
2005 Groundwater Quality (Major Cation and Anion) Summary 

rc~~~~~~~c~:- ~,,,~-,,,:;~:,~~ . ~,, .. r5:;~~~~:~;:~-J~~;~;~i~:~?~;l~~:~~f~~~:-~::~l1 
"""'~~,·~-~~"·--------~-------------~~-~--~-------~---"·'~---~~~---~-"--·------"----~~~--~~~~~~-~~-~,--~--<' 
) ,Jackpilc Sandst~nc Form~~~ \Veils --~-··---- -~-- ___ _ ______ "' __ J 
~--~----·~----···--,------

gradient of ~~-~-~-t _ ---~- Sodium ·---~~!.L~~-~-- li,• 
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l ;;~~:i~i~~-f]Jjf[!r:~~ 
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iNPor;:zow- -wi 
r~------ ---·-

Finally, trends in total dissolved solids in groundwater water samples arc 
quite variable. While there appeared to be slight downward trends 
through 2005, the data obtained felt' 2006 and 2007 sampling events 
indicate the TDS values arc returning to fcJimer levels. 

'r HydrocltemisfiJ'- Surface Water 

Zehner (1985) concluded that the Rio Moquino contains greater 
concentrations of dissolved solids than docs the Rio Paguate. The mean 
dissolve solids concentrations at the time of the Zehner study in the Rio 
Moquino range from 1,600 mg/L upstream fl·om the mine area to I ,900 
mg/L just upstream fi·om its confluence with the Rio Paguate. In the Rio 
Paguate the total dissolved solids increased to about 2,000 mg/L. The 
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Rio Moquino contained calcium, magnesium, and sodium concentrations 
in nearly equal proportions and sulfate concentrations greater than 
bicarbonate or chloride. 

Again, looking at the last full set of data fi"om 2005. there appears to be 
two types of water. Water samples fl·om the Rio Paguate upstream ii"om 
the mine (URP) and above the confluence (LRP) arc calcium
magnesium-bicarbonate waters. Water samples from the Rio Moquino 
(URM, LRM) and at sampling stations on Rio Paguate below the 
confluence (PM) and at Ford Crossing (RT) arc slightly more sodium rich 
with sulfate being the predominate anion. So the water is becoming more 
sodium-sulfate rich as it flows through the mine site. 

'r Contaminants 

One of the major concerns of the Record of Decision is the potential for 
contamination of surface water and groundwater, due to the mining and 
reclamation operations, to affect human health and post-reclamation land 
usc opportunities. There were no contaminants of concern (COC) or 
limits set out in the ROD or FEIS. Therefore, it is diflicult to determine 
compliance or not. OAS compared the data to available standards: 
Primary and Secondary Drinking Water Standards and Agricultural 
Standards. 

Primary drinking water regulations (CFR Title 40- "Prof eel ion of' 
Enviromnenl, Chapler I -- Em•ironmenlal Proleclion Agency, l'arl I4I 
Na/ionall'rimwy Drinking Wafer Regula/ions''); and related regulations 
arc applicable to public water systems. Secondary drinking water 
regulations (CFR Title 40 -- "f'roleclion of Environmenl, Chapler I -
Environmenlal Proreclion Agency, Pari I43- Nalionai Secondary 
Drinking Wafer Regula/ions") control contaminants in drinking water 
that arc non-health related, but intended to protect the public welfare. 
These regulations are not directly applicable to this situation, but are 
intended as guidelines. 

Primary Drinking Water Regulations (Maximum Contaminant Limits) 
• Fluoride- Concentrations exceeding 4 mg/L were found in all 

samples taken li'om MW -1, an upgradient well 
• Lead- One excursion of the standard of0.015 mg/L was found in 

MW-1 
• Arsenic-- One sample fi'om MW-4 exceeded the standard ofO.Ol 

mg/L. 
• Gross Alpha- All surf11ce waters, groundwater, and pit wells had 

cxcccdanccs of the Gross Alpha MCL except for the reservoir. Many 
had cxceedances for each sampling period. 
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Table 4-1 
Gross Alpha Exceedanccs of the I 5 pCi/L MCL 

Location #samples Range 
> 15 pCi/L 

Groundwater 
MW-1 I of9 ND 17.33 
MW-2 I 0 of I 0 12.51 97.67 
M\t\1-3 6 of9 31.92 104.85 
MW-4 9 of9 20.99 201.3 
MW-5 3 of 9 ND 23.94 
MW-6 9 of9 ND 118.72 
MW-7 4 or9 9.11 40.63 
Surface\\ <ttcr 
Nl' Pond I of I 1468.05 
Railroad Trese! 10of10 37.5') 214.33 
Lower Rio M 7 of 10 16.62 53.05 
Lower Rio P 6 of I 0 2.24 106.22 
P-M Con1luence 8 of 10 11.19 94.03 ........... 

Upper Rio M 2 of 1 0 ND 35.11 
Upper Rio P 1 or 1 () ND ') ,. ,.. ..... 

).).1 

Paguate 1.akc 0 of6 ND 3.04 
Pit Wells 
NP-01'- 20 W 10 of 10 159.25 707.71 
NP-0!'- 20 E I 0 or 10 8965.97 67.278.82 
JP-OP- 41 N 1 of 1 385.(17 

..............•..... 

.JP-01'- 41 s I of I 323.803.05 
SP-OP-34 10 of 10 74.09 1490.91 
SP-OP-35 10of10 1022 7385.57 

• Uranium-- J\ll Surli1ec waters. groundwaters. and pit wells had exeeedances or 
the total uranium. Many had exeecdanecs for each sampling period. The 
Lake/Reservoir is a public recreation area used f(n fishing. 

Table 4-2 
Total Uranium Excccdanccs of the 0.03 mg/L MC:L 

Location #samples Range 
> 0.03 mg/L 

Groundwater 
MW-1 6 of 9 3.87 6.27 
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Table 29 
Gross Alpha Excccdanccs of the MCL = 15 pCi/L 

• Uranium- All Surface waters, groundwater, and pit wells had 
cxcecdanccs of the total Uranium. Many had exceedances for each 
sampling period. The Lake is a public recreation area used for 
fishing. 

Table 30 
Total Uranium Excccdanccs of the l\1 CL = 0,03 mg/L 
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• Radium 226- Fewer samples exceeded the standard of 5 pCi/L. No 
surface water samples were above the standard. Groundwater wells 
exceeding the standard included (number of times exceeded arc in 
parentheses): MW-1 (1), MW-6 (1) and MW-7 (4). All pit wells 
completed in fill material exceeded MCLin ALL sampling events 
except f(lr NPOP20W and .JPOP41 N with the highest value of 384.89 
pCi/1 in .JPOP41 S. 

Secondarv Dr}J)king Water Regulations 
• Total Dissolved Solids-· nearly all samples, both surface and 

groundwater, exceed the secondary standard of 500 mg/L 
• Sulfate --most surface water and groundwater exceed the secondary 

standard of 250 mg/L 
• Manganese-· Several exceedanees of the secondary standard of0.05 

mg/L during the 10 year monitoring period for both surface water and 
groundwater. These included (number of times exceeded arc in 
parentheses): MW-2 (1 0), MW-3 (3), MW-6 (7), SPOP35 (6). 
NPOP20W (1 0), NPOP20E (10), RT (2), LRM (5), LRP (6), PM (7), 
AND URP (8). 

• pH- Two samples were in non-compliant, one fhm1 URM and the 
other fi·om SPOP34. 

> Agriculture 

Another concern of the ROD is the potential for the build up of salts in 
the bottom of the pits. Examination of the electric conductivity (EC) and 
TDS data indicates that all samples taken (in and out of the pits) present a 
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high to very high salinity hazard for irrigation water as presented in 
lablc29. Due to salinity alone. the groundwater is unsuitable f(Jr 
irrigation and stock watering. 

Table 31 
Salinity Hazard (USDA) 

[[~~="~~"~·:=,:=~~==l~~o•~::~o~:x<t;:;~.~;;I~~,s~l~~~~~,;:;~.;~~ll 
i: Low salinity, no detrimental! <250 <200 I 

·, effects expected , . . ------ ------~-------------- ---------·-·----- . ·I 
iMedium salinity, detrimental 250. 750 200 500 
! effects to sensitive crops i 

l
i ----·------- --- ···--- -----~--··-··---------~--·~ ! 

! 

on many crops I 
I High salinity, adverse cf'f'ectsl 750 2250 500 1500 . 

1 Vcr~~;;~;;linity, s~~;~,~~~---~250 5000 ·--·-1-500 -~000 I 

L ~~~~1c)J ~~~~~~~~~:~~~~~1~=-~ --~~- --=-==- ---=~ -~----=~=~-- __ ~~; 
Conclusions- Based on this review it is concluded that the intent of the ROD 
was met for water quality sampling, but there are some rather large data gaps. 
Conclusions cannot be drawn as to environmental impacts and long term health 
risks associated with water quality at the closed mine. The results of the 
radiological analyses of the monitoring well, surface water and particularly the 
pit wells, indicated inconsistencies in the data which should be resolved. 'fhe 
results of some oft he pit well samples indicate levels that need to be evaluated 
and confirmed as soon as possible. 

The four data gaps I) the depth to water measurements were reportedly recorded in 
order to calculate the volume of water to be purged prior to sampling of the wells, 
but the record of those depths was incomplete. 2) the Jackpilc pit wells were not 
installed until 2007, 3) the ponded water was not sampled and analyzed until 2007 
(ponds were not anticipated during reclamation; they appeared in the latter half of 
the reclamation monitoring), and 4) a downgradicnt boundary well in the Jackpilc 
Sandstone was not installed (the Jack pile Sandstone is reportedly not present at the 
boundary), collectively represent a major deviation from the ROD and is therefore, 
non-complian f. 

Recommendations · Based on these observations, the following 
recommendations can be made: 

1. Continue sampling Jackpile pit wells, and install a discretionary well(s). 
2. lnstall a discretionary well near the downgradient boundary. The 

location(s) of any discretionary well(s) should be selected in order to assess 
downgradicnt groundwater conditions. Two areas that could be considered 
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for this purpose arc I) upgradicnt fl·om the Rio San Jose and 2) at the 
Mesita Dam. The downgradient monitoring wclls(s) should be constructed 
so that the screened interval allows for both environmental compliance 
monitoring, as well as water table elevation measurements. The existing 
monitoring wells MW-5 and MW-6 were apparently screened in the bottom 
I 0 feet for water level measurement purposes only 

3. Continue sampling ponded water within pits. 
4. Sample the ponded water at the north end of the site outside the Jackpile pit 

at least one more time. This pond extends onto the trust lands to the north 
where domestic cattle graze. The pond causes waste piles to be saturated 
and could lead to the release of contaminants Jl·om the waste pile. 

5. Monitoring should continue for all the wells and surface waters until a risk 
assessment has been completed. Continued monitoring of surface water 
may be necessary to protect fowl and animals. Parameters which should be 
monitored inc! udc field parameters, major cations and anions, manganese, 
total dissolved solids, arsenic, fluoride, lead, gross alpha, radium 226, 
uranium (total), gross beta and Po-21 0. At that time sample locations can 
be further evaluated to determine if the monitoring can be further limited. 

6. Water usage should be prohibited pending the results of additional 
sampling activities, QA/QC of previous lab results and the Jindings of the 
proposed Risk Assessment. 

7. With the completion of sampling, data should be evaluated as to its 
accuracy. The laboratories should be required to perform cation-anion 
balances and if not within acceptable ranges, the samples should be redone. 

8. A Quality Control/Quality Assurance analysis of all general chemistry, 
chemical and radiological reports and results needs to be conducted to 
evaluate the sampling procedures and analytical results. This should be 
followed by rc-sampling of the water. 

9. A risk assessment should be performed to determine the potential hazards 
and risks of the high levels of gross alpha, radium 226, and uranium in 
most samples, especially in wells in fill material and areas of public access. 
A risk assessment is needed prior to Resource and Land Usc planning for 
the mine site. 

I 0. With both surface water and groundwater samples showing some level of 
contamination, an evaluation should be made to determine if any 
contaminants have migrated beyond the compliance boundary. A 
compliance boundary must Jirst be established. 

:r Subsidence 

Subsidence was of concern because of underground mining (P-711 0 Mine 
and PW -2/3 Mine) under sections of old highway 279. The predicted rate 
of subsidence is very low, but it was deemed prudent to monitor 
subsidence if and when the new highway 279 was temporarily closed for 
reclamation activities and the public was required to usc the old road. 
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Table 32 
Subsidence Monitoring Requirements Comparison 

I --

1 Frequency I Quarterly Item 10: 
Per EIS 

Table 1-5 

Quarterly during time periods 
when New NM 279 is closed. 
Monthly at sites that indicate 
0.5 inch in any Quarter or 1.0 
jinch in a year. Visual survey 

• 

!
conducted quarterly by walking 
both side of Old NM 279 and 
!document in letter to POL and 

-Ground-1 ~~~~s~~noc~:~~::r~ns :_ __ I 
I Para~eters- 1 Elevation Change 

1 

. --~--- [)~-;i~g Periods of longer than-

No i 
Monitoring ! 

Done ' 

1

'----·--··- Movemen't I j 

~
r Duration SH~~t~ is 30 days when New NM 279 is 

closed and Old NM 279 is in 
Re-aligned '' 

'-"~--~--~----- ·'""" '""'""""""'''~--~---~---~""'"~.:.::~.~~-------·~-~~--~~-~~-~--~~---~·J 
Conclusions -The new highway was never closed for extended periods 
and the public is not required to usc Old NM 279, so the letter of the 
ROD was met even though no monitoring took place. 

Recommendations- Periodic inspection of Old NM 279 is 
recommended for subsidence and erosion. 

);> (1 1'0 1111 d Vi b m I i o II 

The Jacobs Environmental Monitoring Plan states that blasting to reduce 
highwall slopes will be in '·OPTIONAL" work package items which 
would be dependent on funding and POL desires. 
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Table 33 
Blast Monitoring Requirements Comparison 

r~-~~------~~~~EIS-~~~~~~~~~~=~~~-=l~~J:~~~I~~~~~~~=~~~~-==-=~~~-~~=~~-:1! 
I 

. . I Project Status i 

l
Sampling lv1.)11 Three21o)Ocatlolns Int. Report No. 9, 1: 

P . t Variable 1 age . ne oca 1on April 1990 

~~-~-s east ~eri:_::r_~~ol~~-~-~l~~;~~~~~~~dy 
I Item 10: Each Blast· After USGS 
I Frequency Each Blast Per EIS ase Study !Project Status 
;-' --~~-- -·~--~---Table 1-5 -----~~- . ·--·Report No. 11, 
1 1.) Ground Acceleration J ne 1990 
P t Particle and Measured) and Ground r~ferences a 

, arame ers air blast Particle Velocity 

t~-~r:t~-t~~~;~~~:J .tcu::;;;~~~~:.~~--~~~~~--- ~~~r~_::~d~:_~~:, 
Conclusions- The blasting in the South Paguate Pit was carefully 
monitored and fiJrmal reports were issued. There was a damage 
assessment performed in the Village of Paguate where considerable 
damage was documented. This was followed by inspections of other pit 
highwalls revealing considerable integrity of highwalls and few expected 
safety issues related to letting the areas erode naturally. The decision by 
POL and BIA was to tcJrcgo further blasting of highwalls, but to visually 
inspect the highwalls fclr safety issues. 

Recommendations -A field assessment of the highwalls should be made 
to determine the hazard potential, if the walls are eroding safely or if not 
then if additional fencing or other corrective measures are required during 
the erosion process. If significant hazard potential is present, other 
means of slope reduction should be evaluated, such as ripping, or 
alternatively, localized benning or other protective measures may be 
warranted. 

1 I. SECURITY 

Control t!f minesite access and securi(l' will continue during reclamation and 
monitoring activities. However, security during the monitoring phase will require 
cooperation from Pueblo of Laguna and BIA to prevent livestock grazing on 
revegetated sites. 

This ROD item has no specific requirements to be met. Project Status Reports and 
observations in August 2006 indicate that grazing has not been prevented. While the 
data indicates that the plant uptake of radionuclides and heavy metals are no threat to 
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humans or wildlife, the groundwater concentrations for some contaminants of 
concern are elevated and further study is needed to determine the risk, 

Conclusions - These requirements arc addressed previously in the rcporL 
Additional sampling is required especially in the open pits and ponded water, Risk 
assessment may be required before grazing and other uses arc allowed, 

Recommendations - Immediate re-sampling of the pit water and ponded water is 
recommended, Evaluation of the radiological data is recommended, 

12, RECLAMA 110N COMPLETION 

Reclamation will be considered complete when revegetated sites reach 90 percent 
of the densi(l',frequency,foliar cover, basal cover, and production of undisturbed 
reference areas (but not sooner than I 0 years following seeding). In addition, 
gamma radiation levels must be no greater tlum twice background over tl1e entire 
minesite. Outdoor radon 222 concentrations must be no greater than 3 pCi/1. 
Radon daughter levels (working levd1) in any remaining swjiicefacilities must 
not exceed 0. 03 WL. 

Conclusions- These requirements are addressed previously in the rcporL See 
previous discussions concerning revegetation, gamma radon, radon and radon 
daughter levels in Sections 9 and I 0, Alternative methods used to survey vegetation 
indicate the revegetation was successfuL 

Recommendations- Please refer to previous recommendations concerning 
revegetation, gamma radon, radon and radon daughter levels in Sections 9 and 10, 

13. POST-RECLAMATION LAND US£~ 

Limited livestock grazing, light manufacturing, f~fjice space, mining and major 
equipment storage will be allowed. Specijical(l' excluded are habitation and 
farming. 
(''Jaekpile Reclamation Project, Final Design Recommendations for BIA Approval", 
May 9, I 990 (pg 2, ,j3), 

"9) Elimination oj'the needfiJr long-term maintenance of'the site should be re
examined. Since monitoring must continue in the areas of'ground water, 
revegetation success, and other environmental concerns, periodic 
in.1pection!repair of' any noticeahle erosion problems could be lefi under 
Pueblo ofiaguna "care-taker" status andfimdedfi"om the ground water 
monitoring Although "elimination ojj)()st-reclamation maintenance" is one 
of' the goals, situations may arise requiring some remedial action which, i/ 
perfimned early enough, will help to achieve the desired long-term stability 
Monitoring of' the inevitable livestock grazing and insuring that nofimning or 
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-----····- ....... -------------------------~------~-----------~'QCfLQ[})J!J,:_is; CJ__IJ.S:.QJlJPI iQJJ.£.f __ A sse 5..:\ IJ1(1_l1_ 

home huildinf!, rakes place on rhe sire isjudged ro require some proacrive 
effim. ·· 

Conclusions~ All non-compliant and potential~)' non-compliant issues need to be 
resolved bciclre recommendations and discussions concerning long-term usc can be 
undertaken. 

Recommendations~ This topic should be discussed with POL alter all compliance 
issues have been resolved, recommended sampling and analysis completed, and risk 
assessment determinations have been made. Land usc should be restricted, as it 
currently is, until all compliance issues arc resolved. 

V. CONCLUSION AND RECOMMENDATIONS 

~--------· 

i-·- ~~~~~---- ______ BOD Rc'l_t~i_t:cmcnts ___ _ 

I}_.__I'!'[BQ.IIO M s--~-- . ----~~------·-·-·--------· 

I 

A. Backfill Levels: 
I. Pits will remain as closed basins. Pit bottoms will be backfilled to at 

1 least I 0 feet above the Dames and Moor·e (1983) projected ground water· 
I r~e~o~·et')' levels as indicated below. A schematic diagram is shown in the 

1 HdS: 

I Pit: 
.Jackpile 41 

Proposed Minimum Backfill Level: 
5,939 ft. amsl 

I 

North Paguate 20 
South Paguate 34 
South Paguate 35 

5,958 ft. amsl 
5,995 ft. amsl 
6,060 ft. amsl 

h;;~-~ci u si<;~;~-=-/\11 m on i((;;:i!~g ;;, ell in st~ll<~iL)~-~;(i i ca te-iJ;;;((!k';;1 in i mt;~~ !i~1 ish cd __ _ 

l __ gr<r~es_\'1'::1:~-a~hicved. ----~~----- _ ----------~-----~~--------
Recommendations- Based on the fact that backfill elevations in all cases met or exceed 
_tl~e _ _l11inimu_r~1j>roposcd h<J~~LJ!Ll_cy_c_l_(s), tb~R()D obLccti\'cJ1<J.S.~~cn achieved. _ 

2. A groundwater recovery level monitoring program will be implemented. 
Additional backfill will be added as nccessar'Y to control ponded water. 

---~- The duration of th£_Il10_II_itoring_[J_t:!>_gram will b_~_ll_II1_i_!limnm of 10 V£!i.t:S,_ 
Conclusions -Based on the fact that there is little elevation data where ten years of data 
are required and only one sample of the ponded water, accordingly, this aspect of site 

_I:c_c]<Jma(jgr1js C()I1sidercd ll()_ll:q()I1_1PJiant ''.itb_the rcquircmenls_()f_01c ROI;L_ __ ~------
Rccommcndations-

• During preparation of this report, OAS made the recommendation that the two 
wells required by the ROD should be installed in the Jackpile Pit. This was done 
in April 2007 

• Water table elevations should be monitored over a number of years to determine 
if the levels have stabilized, or arc increasing or declining in order to evaluate 

____ whcthe_l~lhe 1 0-foot_lJ_e)gw surface rLcgtlirCI1_'lCnt_is being met::.· _____ _ 
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-~·--·---~·----··------~-------····~--~~ Re('{"!...Cr;lp{ D.r:.i.I.Yion Comn! ipnce Assessment 

r------·------~------ ···-· ----·----~---~----·------·-·· 

1 • Ponded water, wherever found within the pits, should be collected for chemical 
' analysis. 
I These data can then be used to assess the risk of ponded water. The data can then be 
I analyzed to determine if the water is groundwater or surface water and whether the 
'I chemical constituents present a threat to wildlife, domestic stock, or humans. As 
, wetland areas arc diverse ecosystems that arc widely valued, it may be prudent to leave 
I the North Paguate area as a wetland if the risk analysis so justifies. If chemical analysis 
· indicates an unacceptable risk, then the ROD requirement to add additional fill to low 

areas would be warranted. 
--~---···-~~-~-----

B. Bacldill Materials: 
Backfill materials will consist of pro tore, waste dumps H and J, and excess 
material obtained from waste dump resloping and stream channel clearing. 
These mater·ials will be covered with 3 feet of overburden and 2 feet of 

f-C<~r c ~~~~~~;~1 ~i ~~~J~~T,~ 1r~~;~i~ nl~s a~~~~~ :fe~·; ~1~ ~ r~1~ ~~~~ ~ 1tl~~~e;;~~~~~s i~)i;;;·- · - - --
1 ~ubstantial compliance to the ROD. There was suflicient back1illmaterial in proximity 
I to the pits that Dumps II and J volumes VICre, in fact, not needed. The cover, slopes, and 

_v_e_g_cl~li()l1 ())1_tQ£SC~_'<J_Ste pi I e_S<lPECar l(J_ be _'ctab I e. _ ~--······--·-··-·-·····-·-···-···-·-····-----
Recommendations- No further activities arc recommended at this time. 
~--~- ·---·~---- ··-~·--·-·----·~····· -------.. ·~--· 

C. Stabilization: 
All backfill slopes will be r·educed to no greater than 3:1 (horizontal to 
vertical). Surface water control berms will be constructed within pit 
bottoms to reduce erosion and retain soil moisture for plant growth. 
Surface runoff will also be directed to small retention basins in the pit 

l~n __ ;f~i~~J;i'II'I~~~~:~i-~~~~i~~~!:~:~~:rrd~~~:;:~i:~l:~~~~~~~~~,!~~:~:l:~~ 
r Conclusions- There appears to be non-compliance to the letter of the ROD 
I requirements in regard to the sloping. But many deviations were approved. It is 

I 
diflicult to determine pile by pile what exactly was done according to the ROD 3: I 
sloping requirement and/or in accordance with the approved changes. In the OAS site 
inspection, there were no observed problems with the slope grades. Although there arc 
deviations to the ROD, they appear to have met the intent of the ROD. 

Some of the long runs of the terracing do appear to cause chronic blow-outs in some 
areas due t()_thCjlres~ure head of water building up along the terrace berm. 
Recommendations - There are no corrective actions recommended ---.. ·~·----·------~~--·-···-· .. -------·-·-·····----.. ---.... --~- ....... ~.--.. ·--··---

2. Pit Berms and Retention Ponds 
-':-C....C...-;------·-·····-·-··-···-·-·--·······-·····--·· 

Conclusions- The pit berms and retention ponds are not believed to be a concern for 
post closure health and environmental risks. 1 
------~--~-----.. -----· ·--~··--·~~-"---------·------~~ 

Recommendations- No Ji.rrther activities are recommended. 
-·--···--···--~~·-·· 

D. Post-Reclamation Access: 
··--·---·-- ----~·-1 

Human and animal access to pit hottoms will be prevented with the usc of 
sheep-proof fencing due to the uncertainties of predicting radionuclidc and 

_, ___ heav_LII1~t.a! _ _llp_!ake_i_ll.tQ..Qlants ( forag£)_,_ __________ ~-~- -~--i 
__ C:_o_IJ~·lusions -There appears to be sub~tantialnon-compliance_vvj~b botll_tbe_Jc:ttera_r1d 

70 
OA S)·sfems Corpora/ion Sept em her 2007 



0500082

Jackpile-Foguate Uranium 1\fine 

---~--8_ficord J.J.Lf2s:±is i Qll COJllJJlLancl! __J ss ess llLClll 

c~ -----··-- - ··--··----··-----·-----···--·---~--------] 

I intent of this Rod requirement. The fencing is clearly inadequate to prevent grazing. i 
i Installation of the perimeter fencing was approved in 1989. The perimeter fencing 
1 

cannot be removed and should be maintained. At least one more sampling event of 
vegetation and surf<rcc water for both chemical constituents and radiological levels 
needs to be conducted in the North Paguate pit. Additional backfilling or permanent 

I 
fence installation at North Paguate may be required based on those sampling events. 1 

---~-·····~-----~---.·~------··- . . -----~-------·-·---·~·- ·-------1 
j Recommendations- Additional monitoring and risk assessment is required to I 

I

. determine if there is any potential for impairment to the natural resources (both water i 
and vegetation) that are needed for grazing domestic animals and wildlife. Pit bottoms I 

l need to be t~~1ced until a recommended risk ass_~.s~~J£_nt is compl~te~---·---·-------~-' 

[2. PIT HIGHWALLS ------··· 
I A . .Jackpile Pit Highwall: 

Tlte top IS .feet of ltigltwall will be cut to a 45-degree slope. All soil and 
unconsolidilted material at tlte top oftlte h(qltwall will be sloped 3:1. 71Ie 

____ ltiglmall will be scaled t{~J:~e_moveli!.I!S..f!_.debl..:·i:::s·:__ __ 
B. Nor·th Paguate Pit Highwall: 

The top 15 feet of highwall will be cut to a 45-dcgree slope. All soil aud 
unconsolidated material at the top of the highwall will be sloped 3: I. The 
highwall will be scaled to remove loose debris. Additionally, the highwall 
will be fenced with 6-foot chain link. 

C. South Paguate Pit Highwall: 
The top 15 feet of highwall will be cut to a 45-degree slope. All soil and 
unconsolidated mater·ial at the top of the highwall will be sloped 3: I. The 

will be fenced with 6-foot chain link. 

__ ] 

'I highwall will be scaled to remove loose debris. Additionally, the highwall 

Conclusions -This aspect of site reclamation is considered compliant with the desires of 
the Pueblo of Laguna and the deviation f!·om the ROD requirements is well substantiated 

1 
with the results of the blast studies. The Jacobs Environmental Monitoring Plan listed 

_ _tbis approach as an option that couldb<;based on the wishe_s_g(thc Pueblo()[Laguna. ____ j 
Recommendations -A field assessment of the high walls and Old Highway 279 should 
be made periodically to make sure that the highwalls do not comprise a threat to normal 
Pueblo of Laguna activities, or if additional fencing or other corrective measures are 
required during the erosion process. If signiiicant hazard potential is present, other 
means of slope reduction should be evaluated, such as ripping, or alternatively, localized 
berming or other protective measures may be warranted. The south-facing wall at the 
North Paguate pit also needs to be periodically assessed to assure that it is eroding 
sufficiently to~gycr lhc cxp_gse<i_,~~ckpile Sandstone. as planne.'L__ _____________________ _ 

~-~~~~~!~:)(~U~~~ Ji and .J~ill be-;:~~~-cated to~:ckpilc pit a~~:::~~~-.-----~~l 
b. Most dump slopes will be reduced to 3:1 or less and the dump slopes will be I 

contour furrowed; exceptions are noted in Table I-4 of the FEIS. ;i I 
c. Dumps which have .Jackpilc Sandstone on their outer surface and any 

.Jackpile Sandstone exposed during resloping will be covei'Cd with 3 feet of 
overbur~c11__and 18 inchc_s __ ()f topsoil. ________ -------·----~---
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·~·"·--~·----------··-·------- ___________ B_f_(!}IJ} _ _r}j))ec 'is i (!J)__i_~Q!!.?J2liW Jce_j_}i.S e.ys lll<:J..U 

---d-:- Bcrm~;·ilii~~ in;t~lled on all d~;;;Ip-~-;=-~st~ to co~(,:~~~;·osii~~-Ali dump top~-] 
will slope slightly away from their outer slopes. Dump slopes will he ' 
contoured so their toes arc convex to prevent formation of major gullies on I 
slopes. I 

c. Additional surface treatment is outlined under "Revegetation Methods" i 
bclo~\'. l!etailcd modifications and treatments arc presented in Table 1-4 of I' 

the I• EIS. 
1-------.--·····- --·--·------- . . --~-----~---------·-------~------"· ---·---·--·-"·---·------

1 Conclusions - OAS considers the non-usc of dumps I I and .J (as backfill) to be a non-
i substantive variance fi-om the ROD requirements. given that the features were otherwise 

closed in accordance with specified procedures. Issuance of Construction Specifications 
with alternate cover requirements f!·om the ROD, implies an acceptance of those new 
depths by the relevant parties. However, the bcrming design that was implemented for 
the reclamation did not perform as expected. The areas of chronic erosion blow-outs I' 

. ~~~~:~ ~l~~~~~~~;~~~~J~i~;~i~~nplia~~~ft~adioa~t~~c~:\lei~rali~ cxp~:~~~Jr RA~~vels ~-I 
Recommendations- An evaluation of the chronic blowout areas. to determine if i 
solutions can be designed to relieve these continuing maintenance problems, is 
recommended. Erosion should be monitored with appropriate equipment to determine if 
radiological safety is a concern. If the underlying material is non-RAD emitting, the 

_slol)_C§_Ill_il_)'l1_e_a_Uo_vc<;_d _ _t_CJ_ crode_I~attlral_l).':_ ______ .. - . _____ _j 

14-:-I'RO;T() RE ST()cKPii:i~s---····----~- -··--·---------------·---·-··---
1- ··---··-·----~--···-··---·····-····----··---~·-· ·····-·-------~-·-- ·····-······- ---------·-
1 All protore will be used as backfill material in pit areas. Backfill will be 
I covered with 3 feet of overburden and 2 feet ofTrcs Hcrmanos Sandstone or 
i alluvialmat('rial. 
>--····-···-'·-----~---~·-~-·---~---··-··--- ---.----·- ··----------·-------· .. ····------------···--····-·~·-·----··-··-··- -···---···----- -·-·~-----·-· 

1 Conclusions- \Vhile the letter of the ROD was not met, the revised shale barrier depth 
i was met in all cases tested. The top soil cover was less than the revised 24 inches, but in 
I all cases it was at least 18 inches. The gamma concentration, after placement of the 
· ~!l.::~I:,_\V_llS_~~lc~\v_tli_e c~i teri a of t \Vi~e_packg_~:<J':'_l~_lcveJs. ___ _ ____ -·------------~ _ _ 

[

Recommendations- Although the covers did not meet the ROD or the reclamation 
specifications, the covers appear to be adequate for radiation safety concerns. No further j' 
action is recommended. 
---~--------·--···---~·-·--·-----······-···-··--·---------···-------············--····------~---··-··-·~·----

--~ --~-----·--·--····--·····----·----··-----~·····--···-· ·------···~------

5. SITE STABILITY AND DRAINAGE 
A. Stream Stability: 

----·-··--------------·-···-···-···-···-----··---··-~~~-- -·--·-···-·-----------·-·· 

I. All contaminated soils and 1111 material within I 00 feet of the Rio 
Paguate west of its confluence with the Rio Moquino, will be excavated 
and relocated to the open pits. 

Conclusions- The reclamation actions appear to have been compliant with this item of 
the ROD. 
Recommendations- No further activities arc recommended. 
-------~-······--·---~---·--··---·--··-·---··----·-~. :;.:___---=--=···-·-·-··-·-·----::-

2. For the Rio Moquino, waste dumps S, T, lJ, N, and N2 will be pulled 
back 50 feet from the centei"line of the stream channel. The toes of these 

dumps will be_ armored _\\:it_li__~ip-rap~---·---- ··--·--··--··· 
Conclusions -]'he material appc_':ll"!;_t!l_l1ave bec~:_e_!_ocat_e~_()I"_Pullcd.J?_fle_~ and armor<;_d_~ 
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~-·-···~------··~------·-·----------~----~----~~- --------~R!:~t;;.Ql:d o [ l?fJ::.'i..-'i.if2!.J_(_'r_!I_I1Jllli_II_1C~·e .!-~1.'~'S(:_~ ssw~e 1_11 

[l~1e spe~-ifi~-;;;i;;;l~~;;TthcROD ~ndthc a!]p-;:ovcd- changes. !'f;;;-1~,;;;~j~~;~k!wcsu;;1--~ 
! Design, (Landmark Reclamation/Weston, ".fackpi/e Reclamarionl'rojecl, Pueblo of I 
i Laguna .. New Mexico, Dra(i S)Jecial Case Designs", December I 090) with the approved . 
I changes. reduced the rigor of the original erosion protection. The approved design was I 
I implemented and the letter of the ROD was met. However. the intent of the ROD is not i 

I 
being met because the design was inadequate to prevent erosion of the banks below the · 
toes of the waste piles. 

However, significant erosion has taken place in the past 12 years. If erosion continues at 
the same rate, there is serious potential for exposure of waste or contaminated soil at the 
toes of Piles S, T, U, N. and]\ · In view of the fact that a Jess rigorous redesign was 
approved after the ROD. this unexpected erosion is a problem. lf the erosion continues, 
waste material will be exposed creating the potential risk of human and wildlife 
ex osL!.~lO_ll~1kn()\"_n_l1<llards, and~a-~Jre_a_t_t()_ti_l"_~,I~er q_tl_a_~ty_clf'_tl~~i()J'vl()_g!Jil]O: __ _ 

I 
Recommendations -A more thorough inspection and hydraulic analysis and erosion 
study needs to be performed to determine if additional erosion protection is needed 

I along the Rio Moquino above the confluence. A control structure on the Rio Moquino 
~lJCl-'~-~IJc:__!~u~\)l_()O f La_gt111_a se_c_t i.CJJ1_!11ay__<Jl so be con si derc~~----- _ --------------~-------

3. A concrete drop structm·e will be constructed across the Rio Moquino 
········-·········-··-··-····aJlllEO xilt1_a_(£ly..,'!Q_()_f_cct a iJ_ov c the con flu e!lce ~yitiJ_tiJ~I~i<J_J';jg~r_ll te: ---~

Conclusions - Due to the flash flood event that caused the stream crossing to be 
relocated and changed the stream flow conditions, the Rio Moquino drop structure was 
I1Cli()I1_);iCr_n~cd ed.__[h eLcfcl!:'?~c~mp li a nee with this R 0 D_r~gt0I't'111,C:~ll_is_!!()tllEPJi ca\)1<::_ 
Recommendations-- No further activities are recommended. 

------~----------· . ·----------- . --····--·------------· 

____ !l, __ /\,E~<Jy<~_Hc __ adcutti!l_g: ______ ··········------~-~~---------------------
Arroyos south of waste dumps I, Y, and Y2, and the arroyo west of waste 
dumps FD-1 and FD-3 will be armored as shown in the FEIS Appendix A 
(Figure A-13). Other headcuts encountered during reclamation will also be 

____ _______ stab ilized_iJ_~l_'mcJ_r:ir~g,-~--~-~--~~----·----·--· --- ....... ---·----------- ------------· 
Conclusions - Based on OAS field inspection documented in the photograph, field 
conditions changed when the hcadcutting encountered a natural outcropping of 
sandstone. The sandstone impedes further headcutting negating the need for armoring. 
'T'hercfore, this_i:;__~_()l!~cl_ei~d a_l1()n-substa_I11_L\'e v_<U).<J!~<:_C_fi'om the ROD requirements. 
Recommendations-- No further activities are recommended at this time. 
·---~---·-·--····-···-~---~------~ ----~-------

---~'-l}l_()_~li,edDrailla_gl!_~;___________ -~---~- __ 
I. Waste dump .J and protorc stockpiles SP-17BC and SP-6-B will be 

removed to unblock ephemeral drainage on the south side of the mine 
site. 

"'''''''"'~-----·-~·~---~-.------------------;:---~-----;-c-·-~-----------~----··---·---

Conclusions- While the letter of the ROD was not met with regard to the movement of 
waste dump .I, closing it in place appears to meet the intent of the ROD and no problems 
have arisen to date by this action. However. this area could be a physical hazard in that 
Ji:\'eStSl,C:~<;ould bee_()_ll].C entang_l~.cJ-~n the submerged fence, or_ stuck_i_n~h(;I1]\J(L___ _ __ _ 
Recommendations- Because the land grant property is in close proximity to the Pueblo 
of Laguna, an eiTort should be made to jointly maintain the existing dirt banks and 
monitor the ponded water to determine if it presents any chemical or radiological hazard 
for domestic animals or wildlife. After the evaluationll<~s--beci~_c;omple_((:~, a long-term 
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··~--~---~~-··~··-··------------~-----·----··-----R(f3YX}_Q[l)et;.LYiQ!.7 ( 'onml i a nee As\:~Y5!l1!l.l.!.I 

[.;-OI~Jtii,;-;;,ay)~_9~vi~~~ :-... --· ---===-~=-=--- -----==---== 
[ 2. Two blocked drainages nor·th of FD-1 and F dumps will remain blocked. 
I The remainder of the minesite, excluding open pits, will drain to Rios 

_____ Pag_u_ll!~ll!ld_~oq_lljno. ____ ....... _______ ·~~·--·-·-··--~-----·-·~ 
Conclusions -The letter of the ROD has been met. However. an unforeseen 
circumstance has arisen in that the ponded water appears to be at least a physical hazard, 
and potentially a chemical and radiation hazard, for the neighboring landowners and the 

l __ c/l_lt~ tha~ arc_g.1:azed _cJI1ti1_<1t Jan<!:_ _________ ~-----·-·· . -~---··-·------· 
I Recommendations - Since grazing livestock have access to the ponded water, POL 

should sample the water to determine if it presents any chemical or radiological threat to 
the grazing animals. Additionally, the pond has been in the past, a physical hazard for 

_tii_e domestic _ _a~imals_._IIIc area !:1£~-~~to be ev11ll1atcd and a lo!Ig-te_rl11_~f2l_ll.ti()l_lj.£yis~_cL..J 

6. SURFACE FACII:_IT.IES/STRUCl;lJI~ES-- --~---------~ 
~----···---.. ~------·--·-··------·-·-----..... -·----·--·----·------··1 

A. Lease No. I: I 
All buildings on Lease No. I (Jackpile lease) will be demolished and 
removed except for the Geology building, miner training center and 
buildings at the old shop and the open pit offices. The land surface (except 
pit highwalls and natural outcrops) will be cleared of radiological material 

1 (e.g., .Jackpilc Sandstone) until gamma readings of twice background, or 

··-·---~e~~ _ _a_rc achi~~cd. TheseliEeas will then be grade~_an~_.s_c_c_cl_c_~_. --···-----.. 
B. Lease No.4: 

All structm·es and facilities associated with the P-10 mine and new shop, 
including all buildings, roads, parking lots, sewage systems, power lines and 
poles, will be left in place. All operational and maintenance equipment, 
including tools, machinery, and supplies will be removed. All permanent 
structures and land surfaces (except pit highwalls and natural outcrops) will 
be cleared of radiologicalma !erial until gamma readings of twice 
background or less arc achieved. These areas will then be graded and 
seeded. Non-salvageable contaminated buildings and materials will be 

_________ _rem o ve~_to t h c_p~t_s_f,<J_~ dis po sa I, ___ ·--------·--·----... ·-··----------------·-····-
C. Access Routes: 

The four major· roads within the mine site will be cleared of radiological 
material and left after reclamation for post mining use. These access routes 
include: I) the access road from P-10 and the new shop area to State 
Highway 279; 2) the main road through the mine; 3) the road that passes 
between the housing area and North Oak Canyon Mesa and then proceeds 
to P-10; and, 4) road to .Jackpile well No.4. All other roads (except on lease 

____ No._4l'~:i_!l_~~_r:_cmovcj,_}Jl.esc ar:c_ll~_2\jl!_tl!_en bc_g!:ll<l_ed HIJj_ sec_<l_<:~'------
D. Water Wells: 

.Jackpile well No.4, the 1'-10 well, the new shop well, the old shop well, and 
the 3 wells with associated sheltering structures (near the housing area) will 
be left. The pumps, riser pipe, wil'ing, and water storage tanks will be 
removed. Wells established for future monitoring purposes will also he left. 
All wells will be capped to prevent dust, soil, and other contaminants from 

_..cc::.:n::.:t c_rt~~g_th e well _cas in g..__ 
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--··-···----···-----··---------·--- -··---~----·__B_ecorflg[pecision Com pi iance /L'iS.f.S.lJJJ.Q_U 

--r~-!~~~-~~:~:·~ur wil~:Ieft int:~t. The~:~~~:ur must be ~lm::~~;---·--l 
radiologicalmatel"ial until gamma readings of twice background or less arc 

___ __li_C!tieved_,_ The Quir~l()ading_<!_ock will_~':_c~emolisJted l\!l_d_~>t_li!~C~J()_tl!~i~s.:J 
Conclusions - Based on memoranda. discussions with M. Sarracino and an OAS field i 
inspection, some features shown which were anticipated to be kept or salvaged were ' 
found to be of very poor condition. While not in strict compliance with the ROD, the ,,I 

demolition and disposal of additional facilities in no way impairs the environmental . 
integrity of the project. T'hercfore, this is considered a non-substantive variance Ji·om i 
ROD_E~~I_i_rement~_ _______ __ ·-------~I 
Rcco m m c n dation s_=N o fi.1rt her acti\•it_i cs ~li~_t:ecomm Cl1~~~'----~·------------] 

·C~H~:;ft, 1~-~!:~~ill be -plugg~d-ac~~rdingt~; the StateEngin~~;;s req~Ii:~~;~-,;t-;:-~~ 
A 5-foot surface concrete plug will also be placed in each hole. Any cased holes 
will have the casing cut off at the sm·face. In addition, at·cas around drill holes 

I will be seeded. Any explot·ation roads not wanted by the Pueblo will be I 
~ reclaimed. 
(:-;;~ci;;-sio-;;s-::Tt~~~;;;yea~~~hat happened t~;(]ie drillho.lcs. N-;d~·ilTIUJles ~-~;~ fi1tmd----~1 by CSM and that work unit was closed out on approval of all three parties. ThcrcfcJre, 

I 
_ti1i~_is_£()nsid ered a n()l1:..Sl1 bstay2_ti_v_c variaJ1_c_cfrcll11_tl1_ci~ 0 I2.J:~cJ.lliE(!I11~11lS_:__ _ ___ ........ j 

Recommendations- No ftnther activities are recommended at this time. 
--.~~~-··-··---~-~-""·-·-·-····-----------···~·------~----------·-···-~··-~- -----··--···---~~) 

·----·--·~---------·-·---·---------·-·-·"·~----------. ··-·-----
8. lJNDERGROlJND MODIFICATIONS 

·-.. -·-·~-·--······---·---·-·- ·--·-------·----··~-------·-----

A. Ventilation Holes: 
Vent holes will be backfilled with waste material (Dakota Sandstone and 
Mancos shale) to within six feet of surface. Sm·face casing will be removed, 
steel suppot·t pins installed in walls of vent holes, and scaled with a six-foot 
concrete plug from backfill to surface. Areas around vent holes will be 
contoured and seeded. 

--:--c;------·----~---·-----·-

Conclusions- It is unclear how the vent holes were closed and there are no records of 
how they were closed. Monthly reports indicated that the vent holes were being closed, 

, and the work unit was closed out on approval of all three parties. Therefore, this is 

I CO!~sidered in compljance with the ROD reql]_ircmcnts. -·-----· ---·------] 
rRecommendations ~No fi.Jrther activities arc recommended at this time. 1----:::- ·-·--·---~-----·-·-· ......... -·----·-

B. Adits and Declines: 
A concrete bulkhead will be constructed approximately 680 feet below the 
portal of 1'-1 () decline. The decline will be backfilled from bulkhead to 
ground surface with Dakota Sandstone and Mancos shale. Sufficient 
material will be placed over the portal to allow for compaction and settling. 
The gt·ound surface above the buried portal will be sloped and then top
dressed and seeded. The Alpine mine entry will be bulldtcaded and 
backfilled. Mine entries not previously plugged by baclcfilling will be Ji 
covered. Additionally, the H-1 mine adits will be bulkhcaded and backfilled 
and the ad its at the J>-13 and N.J-45 mines will be backlllled. 

Conclusions- It is unclear hg_w the mine _ _c_11tries w~~- closed. But the workt111its we1~---
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·-···-·-·--·~---~-----~~~R=ecord QiJ)<~.J!iiQn_i 'om ol iau_c;.c As~:.r:...ssnJS.n! 

----~~-------·····- ''l 
closed out on approval of all three parties. Because all three parties approved an 
alternate closure method, it is presumed that the intent of the ROD was met. However, 

the E2lC.I1_02\lJ',lt:_~Ll_[2si<l_~J.<:_e ~11a y still ex i Sl:.. ---~-----------·----------
Recommendations- Continue to monitor the P-1 0 and P 2/3 areas for subsidence. 
Closure methods apparently presented some potential '1r a '·controlled accident", as was 
stated in the L<!l1.cl_mark l~c_clamat~Jn rcporlt:cl~r:_enc~<l_ above, __________ _ 

---· ··--------------------· 
9. REVEGETATION METHODS 

----------1 
... -------------, 

A. Top Dressing: 1 

Following final sloping and grading, pit bottoms will be top dressed with 24 
inches, waste dumps with 18 inches, and all other areas within the minesite 
with 12 inches of material composed primarily of Tres Hermanos Sandstone 
(stockpiles at three locations within the minesitc). In order to meet top 
dressing volume requirements for the northem portion of the minesite, 
additionalmaterialmay be obtained from a topsoil borrow area in the Rio 
Moquino floodplain comprising 44 acres. For the southcm portion of the 
minesite, additional topsoil borrow material located cast of .I and H dumps 
may be needed. Following topsoil removal, disturbed borrow areas will be 

r----c:c---:::co n t()_LII_'<;d .... fct~ti lize<l_,_s_<:£_(1£<!, and nml~!Ie_d~---------------~ ___________ __ 
B. Surface Preparation: 

After applying top dressing, areas to be planted will be fertilized, followed 
·--::::----Ccby di_si:'i11gt_o a d_t:}l_(l) oJ.~ inches ancl_tl!_~II_<;_o!l_toll_l_'jllr_!:{)_\\'Jng.,_' . .__ ____ ~. 

C. Seeding and Seed Mixtures: 
Before seeding operations begin, the entire mincsitc will be fenced to 
prevent livestock grazing. In most situations, seed mixtures will be planted 
with a rangeland drill. Broadcast seeding combined with hydromulching 
may be used on inaccessible sites or if determined to be more feasible than 
drilling. For both methods, the seed mixture will consist mainly of native 
plant species possessing qualities compatible with post gmzing usc and 
adapted to the local environment (Tables 3-10 and 3-11; FEIS). Following 
drill seeding, straw mulch will be applied at about 2 tons per acre, and 

I--::-· _ _<:_tj!l_lll£~<! into place_\~i~il_:l_notc!!_ed dis_k_. -~-- .......... ~--------·--~-----
D. Revegetation Success: 

Using the Community Structure Analysis (CSA) or comparable method, 
plant establishment will be considered successful when rcvegetated sites 
reach 90 percent of the density, frequency, foliar· cover, basal cover, and 
pr·oduction of undisturbed reference areas (but not sooner than 10 years 
following seeding). Livestock grazing will be prevented until 90 percent 
comparability values arc met. At the end of the 1 0-ycar monitoring period, 
if an unsuccessful trend is shown, retrcatmcnt may be necessary to achieve 
success cl'itel'ia. In the pit bottoms, vegetation will be sampled annually for 

_ radio n11~i_<!cs a nciJ!.t:!l_V)'_~lleta I uptake. __ -~~-----------~--------.. ·--·-
Conclusions- The Jackpile Reclamation Project post reclamation vegetation monitoring 
program deviated from the requirement of the Record of Decisions. This was due to 
evolution in the methodologies developed, accepted and routinely accepted in the 
scienti[~c_community in determining vegetative success. The monitoring met the intCil_t __ _ 
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Record o[Decision Comnliance A.\".'oii!SS!lU!lll ----·----··-------- -----··~-----·------------~---··----------------···-···--···--

·-·-····-------~------·· ----------------·----···· --~----------------1 of the ROD in determining vegetation success, in that the mine was very successfully 
rcvcgctated based on important vegetation parameters of cover and productivity. The 
revegetation did not meet the strict numerical standards of the ROD. but had vigorous 
and productive plant communities with desirable perennial grasses and shrubs. The 

I condition of post-reclamation vegetation is very good to excellent, and the reclaimed I 
mine has stable and sclt~sustaining diverse ecosystems. and good habitat for local 
wildlife. Trends in vegetation arc stable 1~l!- plant diversity and health. 

i Item 9-D of the ROD requires pit bottom vegetation be sampled annually for i 
I radiological and heavy metal uptake f(lr a t)eriod often years. This was not done. 

1
. 

-----··----~ ______________ ::...1______________________________ ·-
Recommendations- Vegetation uptake should continue to be monitored periodically in 
the future, especially in the pit bottoms. It has been suggested that monitoring be 
undertaken the next year and possibly every five years after next year; especially in the 

,pit bottoms an~_il:l the _)',J_orthj'_aguate E~tJn pa!~cular:_________ _ ----------~ 

-- . ·-----~---~----------- ------------~, MONITORING 
The monitoring period will vary for each parame.·ter. Existi-ng monitodng 
activities to be continued will include meteorologic sampling, air particulate 

1 sampling, radon sampling (ambient), radon exhalation sampling, gamma , 
I survey, soil and vegetation sampling, water monitoring, and subsidence. In i 

lHidition, the monitodng program will be expanded to include: radon daughter 
levels (working levels) in any remaining mine buildings, and groundwater 
recovery levels/salt buildup in the open pits. The groundwater monitoring 
period will be of sufficient duration to determine the stable future water table 
conditions. Refer to Table 1-5 of the FEIS for details of the monitoring plan as 
desCI'ibcd under the Preferred Altemative. 

__ _____ll_.___l__'\:I_deor()Iogic ----···--·-------------------------------------------- _________ _ 
Conclusions - Meteorologic monitoring was reportedly conducted during reclamation. 
There is, however, no data for monitoring conducted during that time. Meteorologic 
monitoring data was collected during reclamation as was appropriate. However, 
recurring data collection equipment problems resulted in discontinuous data collecting 
during the post-reclamation period. At least two different monitoring equipment 
suppliers were tried, but the power supply problems and problems with livestock 

_ _cl_~_slroying thc_<:guij)_l_1_1ent continued. ------:--:- __________________ _ 
Recommendations---· No further activities are recommended. I ----~-----~---------------- -~- -----~--

lco•~~lut::~:~·{;~eu:;t1scont,:;cting c)i1ic~;:(C()) ani!Puebl~)f Laguna-;:cportedly ___ l 

I agreed that i: had been adequately demonstrated that the goals and objectives of the I 
· monlt()!li"I£ f~_l_Il.<:_tlon had been met and agreed to disco_t~!Inue t_il_(;_par!Ictdate sampling. _____ _ 

Recommendations- No !luther activities arc recommended. 
·-·----~ -----------~------- ==:...-- ........ 
c. Ambient Radon 

Conclusions -All recorded radon gas measurements were consistently below the limit 
of 3.5 pCi/L set by the ROD. Because oft he consistently low measurements it was 
mutually agreed to phase Ol!!__tlli_s reg_~iremenl:______ __ _____________________ _ 
Recommendations-- No further activities are recommended. ------ ------~----------------------·=c........- ----------· 

_<!, Radon Da11ghter !~evels ···--·--------------------------
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----------~---:-c-----: 

I Conclusions- No records of radon daughter level monitoring in remaining mine l 
I buildings were located. A radon daughter limit of0.03WL working level was the 

I
' specified threshold for this parameter. This is potential~p non-compliant with th.c R. OD. 
, However. the buildings were reportedly razed at the start of reclamation. Therefore. 
_co l]l)l I i ~~~_e co ul_c!_ll_Cl~_]1av c ~ecn con d!J(;~(;ci_g~:_e_xpec t e~------·-------·---~----
Rccommcndations --It is not expected, but if any of the remaining mine buildings have l 
residual Uranium series contaminants (U, Ra 226) and the air in the buildings is II 

rcla~ive_!_y stale, monitoring is advised prior to cxten~ed_occup_<JJJCL_.__ ___________ ~----j 
c. Radon Exhalation 

----------- ==:..::_"C""'_----c__ -------·-------·----~-- ------------~-----

1 

Conclusions -This monitoring requirement was eliminated by design at the time of 

1 
monitoring program development, so while the letter of the ROD was not met, the 

I elimination of this monitoring item was authorized vvhen the monitoring program was 
1 adopted. 
I"J~~com;~~~-dations-:::-N o further aeti viti e~-;;:e;:ec:~;-Jnmendcd. 

---=-~L ~;:tllllll_l~s-;;-;~~ey----==~=~==-=-~==---==--=~-=----===-----==--====~:] 
Conclusions- Based on this radiologiealmeasurement review, the following I 
conclusions can be drawn: I 

• Gamma radiation monitoring levels were consistently below the 28 f..IR/hr 
requirement, or lower, and a continuous monitoring program was not warranted. 

• The gamma radiation monitoring requirement stated that a ground survey, plus a 
final aerial survey, was to be conducted. The monitoring was to be conducted 
bcf(lre seeding and after reclamation was completed. Monitoring was conducted 
before seeding, but the final aerial survey was not perf(mncd. 

• Jt is recommended that a final ground survey, or final aerial survey, be 
conducted. especially on the access roads, pit bottoms and former protore piles 
sites to verifv that these areas meet the 28 f..IR/hr requirement. -------------- "' -·-·---··-··---·-··"'""'"'""'''"'----------------------------~---· -·-----·-·---------~--------·--····-

Rccommcndalions- Based on these conclusions, the J(Jllowing recommendations can 
be made: 

• Gamma radiation levels should be checked at least one more time to verify that 
reclaimed areas arc meeting the standard of28 iJR/hr. 

• The reclaimed mine can be released Ji·om any requirement for radon gas 
measurements, and should present no hazards for human health. 

• The results of the process and sampling during the current and previous radiation 
monitoring should be reviewed. 

Gamma radiation levels on the access roads. p. it bottoms and former protorc pile sites I 
should be checked at least one more time. and in the future if the topography 
changes, to veEif)'_tll~~~l1C~S~ aE<O_<lS n:<;_e\_tbe 2 8 _1-1 R/br:_J~cq u_i_J:~_II~~~"----~--- -----j 

1-==~=~ffhr~z~c===-==-=--=======-=~-~- __ , l-----2)__l~di<~~Cl_gi_<:_lllc'._~nd Heavy Metals -~-- __ 

I-(S; n d~ ~ i o ~:~ 1i~~ ~<~Psoii: radio IZ;gi~;i]~;~;j-~~ctals-~J~~;;]i(c;;:;ng re,] u i rem en ts of~th e j~() D 
j1a vc_bee()Ill<O_t, Tbc_~~J~ i I d up_ and i m_l)act_tg_gr<!;'.iJJ_g_I_J~_ n o_t_b_e_e_ll__J~~e_l_c _______________ J 

Recommendations -The lack of salt monitoring represents non-compliance with the J. 
ROD requirements, however, the presence of well established vegetation would appear 
-~()_j11dicate that salt buildLl)2_i2_rl_(l_l_occt~rri_ng. It is recommended that the pit bottom soils_ 

78 
OA S)'stems Cmporation ,)'eptember 2007 



0500090

Jackpile-Paguote Uranium kline 
Record oL"!Jecishm Compliance Assessmenf 

~-------------------------------~----·----------···--·--·- ·-- ·-----------------

~.------ . ··-···--------- -~----- ---- ----~ 

1 be analyzed for salt build up, and in the future if it appears that salt buildup is occurring. 
1=--=1~. -·Rad ioll_ll£1}<!c a~~J-ii£av;:\1.~~Il.ipta 1~-;:i;~t;; Vt:gct~!~;·-.:=-=·====-

Mctals 
-------~---------------~--------------· --------------- - . ----

Radionuclidcs 
----···-··-···---··------···-··--·-····-- ·-------··-· ·--:--- ..... --·-··-·-
Conclusions· The Jackpile Reclamation Project vegetation uptake-monitoring program 

1 deviated ii·om the requirement of the ROD in that heavy metals and radionuclides were 
i not measured for ten consecutive years after reclamation was completed. Vegetation 
I 

had low levels of metal and radionuclide uptake based on sampling and laboratory 
analysis. It is believed that vegetation growing on the reclaimed mine presents a I 
minimal potential for hazards to domestic livestock or human health due to the low or 

_t:lClt_:llla I co ncen tra~i_clll_!;{l_[m':O\_a_l s and radi on uc I i des, __________________________ j 
Rl>commcndations -As previously mentioned in ROD Item 9, it has been I 
recommended that uptake monitoring be undertaken next year and possibly on tlve-year 
ji~t<:r_v_a_l s_t_h_e_rc<Jfte_r_i 1_1 ti~~Jli!. bo_t_t0_111 s __ arJcl__pa_I~_i c_u l_a_r l_y _i ntl1<:.l\' ort_h_l~lgualeJl it. __ _ 

1--i.__.YY .. a!.<'f..Q~!llli! -------------··-----··----·--·--··-·-··· 
1 Conclusions- Based on this review it is concluded that the intent of the ROD was met 
1 for water quality sampling, but there are some rather large data gaps. Conclusions 

cannot be drawn as to environmental impacts and long term health risks associated with 
water quality at the closed mine. The results of the radiological analyses of the 
monitoring well, surface water and particularly the pit wells, indicated inconsistencies in 
the data which should be resolved. The results of some of the pit well samples indicate 
levels that need to be evaluated and confirmed as soon as possible. 

The four data gaps I) the depth to water measurements were reportedly recorded in 
! order to calculate the volume of water to be purged prior to sampling of the wells, but 
I the record of those depths was incomplete, 2) the .lackpile pit wells were not installed 
' I until 2007, 3) the ponded water was not sampled and analyzed until 2007 (ponds were 

not anticipated during reclamation; they appeared in the latter half of the reclamation 
monitoring), and 4) a downgradient boundary well in the Jack pile Sandstone was not 
installed (the .Jackpilc Sandstone is reportedly not present at the boundary), collectively I 

. _I:':Jlresen t a_Il_I_aj o_r __ d~yia_ti(lll_flom tl~ R 0 Q_<tll~_i s thei:<:l(JE~:~ n-COJ11JJ_fitl/If"--- --1 
Recommendations - Based on these observations, the following recommendations can I 
be made: 

I. Continue sampling Jackpile pit wells, and install a discretionary well(s). 
2. Install a discretionary well near the downgradient boundary. The location(s) of 

any discretionary well(s) should be selected in order to assess downgradient 
groundwater conditions. Two areas that could be considered for this purpose arc 
I) upgradient from the Rio San Jose and 2) at the Mesita Dam. The 
downgradient monitoring wclls(s) should be constructed so that the screened 
interval allows for both environmental compliance monitoring, as well as water 
table elevation measurements. The existing monitoring wells MW-5 and MW-6 
were apparently screened in the bottom I 0 feet for water level measurement 
purposes only. 

3. Continue sampling ponded water within pits. 
4. Sample the ponded water at the north end of the site outside the Jackpilc pit at 

---'1-"e.ast one more time. This [l_Ond extcnd_s__()l'JtO th<,:_triJ_s_t_lands to ll'l~_north wher~---_j 
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~~~

5
~~.~-- domestic cattle graze. ~cfE~c pond ca~ses waste p~iTcs\;~bc s;\~;:ated mid couldl~acf~] 

to the release of contaminants Ji'om the waste pile. ' 
Monitoring should continue for all the wells and surface waters until a risk 
assessment has been completed. Continued monitoring of surface water may be 

I necessary to protect f(Jwl and animals. Parameters which should be monitored 

'
I include 1ield parameters, major cations and anions, manganese, total dissolved 

solids, arsenic, fluoride. lead. gross alpha, radium 226, uranium (total), gross beta 
and Po-21 0. At that time sample locations can be further evaluated to determine 
if the monitoring can be further limited. 

6. Water usage should be prohibited pending the results of additional sampling 
activities, QA/QC of previous Jab results and the findings of the proposed Risk 
Assessment. 

7. With the completion of sampling, data should be evaluated as to its accuracy. 
The laboratories should be required to perform cation-anion balances and if not 
within acceptable ranges, the samples should be redone. 

8. A Quality Control/Quality Assurance analysis of all general chemistry, chemical 
and radiological reports and results needs to be conducted to evaluate the 
sampling procedures and analytical results. This should be f(Jllowed by re
sampling of the water. 

9. A risk assessment should be performed to determine the potential hazards and 
risks of the high levels of gross alpha, radium 226, and uranium in most samples, 
especially in wells in Jill material and areas of public access. A risk assessment 
is needed prior to Resource and Land Use planning for the mine site. 

10. With both surface water and groundwater samples showing some level of 
contamination, an evaluation should be made to determine if any contaminants 
have migrated beyond the compliance boundary. A compliance boundary must 
llrst be established. I 

---~----··----~-~--------------------· ···"···-·------·-···-··-----~------··-· ····-----------·--·~---~---------·---.-.1 

)..- Subsidence 
Conclusions -The new highway was never closed f(Jr extended periods and the public 

, is not required to usc Old NM 279, so the letter of the ROD was met even though no 

1_11.1Sll1itoring tookjllacc, -~----~-------~~~--~~----- -~-~~--~~~--~----
' Recommendation- Periodic inspection of Old NM 279 is recommended f(Jr subsidence 

I and erosion. ------~~--~~--~~----· . --~ --·~---~-~-~-~~~-
L. ';- Ground Vibration 

Conclusions - The blasting in the South Paguate Pit was carefully monitored and formal 
reports were issued. There was a damage assessment performed in the Village of 
Paguate where considerable damage was documented. This was followed by inspections 
of other pit highwalls revealing considerable integrity of highwalls and few expected 
safety issues related to letting the areas erode naturally. The decision by POL and BIA 
was to forego further blasting of highwalls, but to visually inspect the highwalls for 
safetv issues. 
-~-~-~----~------~--~---~--~----~~-~--~---~~~~--~~-~--~-

Recommendations - A field assessment of the highwalls should be made to determine 
the hazard potential, if the walls are eroding safely or if not then if additional fencing or 
other corrective measures are required during the erosion process. lf significant hazard 
potential is present, other means of slope reduction should be evaluated, such as ripping, 
or alternatively, loc;a_iized benDing or other pro_t~tive _ _J_12_(;asurcs may be~_fltTant':'_d_. ____ _ 
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~-~L~~rfc!i R([.L_______ :==--:========--=-===------------------~ 
.

1

. Control of minesite access and security will continue dur·ing reclamation and i 
monitoring activities. HoVI·cvcr, security during the monitoring phase will 1 

ll rcqu.irc cooperation fron.t Pueblo of Laguna and BIA to prevent livestock I 
orazm<> on revcgetatcd sttcs. 

___ Q_~ ____ n_::_________ ------·-···-···-----.. ------ . -·-~--------~------------···--

' Conclusions-- These requirements arc addressed previously in the report. Additional 
sampling is required especially in the open pits and ponded water. Risk assessment may 
be recJ.Lil red b_cc[Q regr:<Jzi tJg_and o t h ~ ~es_at'C:1J!I_<.l-'':_ccl_. ________________________ _ 
Recommendations- Immediate re-sampling of the pit water and ponded water is 1 

rccomm~tl_(l_ed. Evaluation of the radiological data is reCOt2:J_J1_1':Cnd_c;_(l_: __________________ __j 

12. RECLAMATION COMPLETION ------ ------------------------- ·----:c-----:- .............. ,_, -~~-j 

Reclamation will be considered complete when revegctatcd sites reach 90 
percent of the density, frequency, foliar cover, basal cover, and production of 
undisturbed reference areas (but not sooner than 10 years following seeding). 
In addition, gamma radiation levels must he no greater than twice background 
over the entire mine site. Outdoor radon 222 concentrations must be no gi'Cater 
than 3 pCi/1. Radon daughter levels (working levels) in any remaining surface 
facilities must not exceed 0.03WL. 

-;-;-~-;-

Conclusions- These requirements arc addressed previously in the report. Sec previous 
discussions concerning revegetation, gamma radon, radon and radon daughter levels in 
Sections 9 and I 0. Alternative methods used to survey vegetation indicate the 

J'CVe g_ccl<J(j<ll~_\\'i);;_Slj_c_<C~S_sl'Lii:_ _______ --------------- ···-------- -------·-·-·--------- ------· __ 
Recommendations- Please refer to previous recommendations concerning 

_!:_c_\'e g eta t i o n,_g2_~~1111JI:~<l_ot~,_rad on at_1_d_rad<ll_1_da tJ_g_i_t!(;_l~l evcl s in S cct ions_')_ andl_(_l. ____ _ 

lt3. pc)sr:){!~ciAM "Afic)'N-i.ANI)-usEs-~---------·----------------·----- ---------------- 1 

1

- ·-----·-- ---------·------------------·------------- --------------------------------·--------------·1 
Limited livestock grazing, light manufacturing, office space, mining and major i 
equipment storage will be allowed. Specifically excluded ~we habitation and I 

'C"_[ll!'111 i!l&________________________________________ --------·-····--·----- ____ j 
Conclusions-· All non-compliant and potentially uon-compliaut issues need to be ". 
resolved bcf~l!'c recomn.1cndations and discussions concerning long-term usc can be 
undertaken. 

-·-·~-----.. --~----·-~--------·--··----------

Recommendations- This topic should be discussed with POL alicr all compliance 
issues have been resolved. recommended sampling and analysis completed, and risk j 
assessment determinations have been made. Land use should be restricted, as it 
eurr~ntly is. ~mtil all compliance issLlC_;i__ilrC_l:~~olved_.___ _ _______________ _ 
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TABLE A-1 Jackpile-Paquate Uranium Mine ROD Requirements, Assumed Resources and Actual References 

Assumed Actual Confirmin 
ROD Requirement Veri Resources Available Action References 

1 Pit Bottoms 

Backfill to 10 feet above gw Verify meeting elevations 
FEIS, App A. Fig. A-1 

Compare GW elevation to Fig 
Looking for GW elevation data in 

Proposed backfill elevations for pit wells from post closure 
1A Backfill Levels 

recovery levis proposed in FEIS 
4 pits 

A-1 , check for > 10 feet 
monitoring 

Check Actual GW recovery Before and After backfill Compare survey data to gw + Have surveyed ground 
elevations elevation survey data elevation data elevations at pit wells 

Remediation Report 
Document activites referenced 
in Remed. Report No Remediation Reports Generated 

Confinn no open water from 
No open water from recent aerials, 

Aerial Photos but Open Water in All Pits during 
recent aerials 

summer 2006 
Backfil! Materials: protore, 

Verify acceptable fill material, 
Work Unit 2E1- Movement of 

waste dump H&J, additional Remediation Report- Backfill Document activites referenced Backfill Material (Closed NP 3/91, 
waste dump and stream 

cover material, and depths 
and Cover in Remed. Report SP 12/91 & J P betw 3/92 and 

18 Backfill Materials channel clearing/sloping. 
used 

12/94) 
Compare Volumes removed at 

Cover Material- 3 feet 
dumps/other places and Work Unit 2E3- Cover Placement 

overburden and 2 feet topsoil 
Aerial Photos volumes placed in pit (closed JP 4/93-6/96, NP 4/91 -

according to remediation 12/92 & 8/91 - 3/92) 
documents 

Trench or Carin Logs Review trenchin /coring logs Confirmation Borin Grids 

< 3:1 slopes Verify Slopes Remediation Report 
Document activites referenced 

1C Stabilization in Remed. Report No Remediation Reports Generated 
surface water control berms Check surface water control lnsoect Site- look for erosion 
surface runoff to small Inspect for erosion, 

Photo document site retention basin subsidence.veo. cover etc. Work Unit 2E2- Closed 9/91-6/95 

shaping, contouring, reseeding 

Sheep -proof fencing of pit 
Jackp!le Work Unit 2S5J02 closed 12/91 

10 Fencing bottoms 
N Paouate Work Unit 2S5N02 closed 12/91 
S. Paguate Work Unit 2S5S02 closed 12/91 
Construct Permanent Fencing Work Unit 2SSJ09 Active 6/95 last 
AJI Areas monthly report) 
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Assumed Actual Confirmin 

ROD Requirement Veri Resources Available Action References 

2 Pit Highwalls 

Cut top 15' highwal! to slope of 
Verify slopes FE!S, App. A, Fig. A~7 Compare to planning diagram 

Work. Unit 2E5J01- No Charqes 2A Jackpile 45 deqrees 
Soil and unconsolidate material 

verify loose material removal Remediation Report 
Document activites referenced 

to slope to 3:1 in Remed. Reoort No Remediation Report 
Scale remaining to remove 

Inspect and photograph site 
loose debris Work Unit 2E5J02 - No Charoes 
Fence Highwal! with 6 foot Work Unit 2S5J02 closed 12/91; 
chain link BUT No visible hiohwall fencina 

Cut top 15' highwaH to slope of 
Work Unit 2E5N01 closed 12/91; 

Verify slopes FEIS, App. A. Fig. A-7 Compare to Planning diagram BUT no highwa!l work done in this 

28 North PaQuate 
45 degrees 

hiahwal! area 
Soil and unconsolidate material 

verify loose material removal Remediation Report 
Document activites referenced 

to slooe to 3:1 in Remed. Reoort No Remediation Reoort 

Scale remaining to remove 
Work Unit 2ESN02- closed 12/91: 

loose debris 
Inspect and photograph site BUT no work done in this highwal! 

area 

Fence Highwal! with 6 foot 
Work Unit 2S5N02 closed 12/91; 

- chain link 
verify fence BUT No work done in this highwal! 

area 
Cut top 15' highwall to slope of 

Verify slopes FEIS, App. A, Fig. A-7 Compare to Planning diagram 
2C South Paquate 45 decrees Work Unit 2ESS01- closed 12/91 

Soil and unconsolidate material 
verify loose materia! removal Remediation Report 

Document activites referenced 
to slooe to 3:1 in Remed. Renort No Remediation Reoort 
Scale remaining to remove 

Inspect and photograph site 
loose debris Work Unit 2E5S02- closed 12/91 
Fence Highwall with 6 foot 

verify fence 
'---- chain link .... ---- -· ·-·-- _ .. __________ L Work Unit 2S5S02 closed 12/91 

3 Waste Dumps 

Relocate to Jackpile for fill 
Document activites referenced 

H &J remediation report in Remed. Report Work Unit 2E1~¥- and 2E2---

Slope to 3:1; exceptions in 
verify slopes FE!S Table l-4, App. A Fig A~9 Inspect and photograph site 

Relates to moving waste stockpiles, 
Table 1-4 cutting and grading 

Compare Volumes removed at 
Exposed Jackpile Sandstone- dumps/other places and 
covered by 3 feet overburden verify cover Cores or trenching logs volumes placed in pit Check for variation authorization 
and 18 inches topsoil according to remediation 

documents 
Without Jackpi!e Sandstone-

Aerial Photos 
cover with 18 inches topsoil 
Contour per instructions Maps of Dumps Work Unit 2T2---
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Assumed Actual Confirmin 
ROD ReQuirement Veri Resources Available Action References 

4 Protore Stockpiles 

Work Unit 2E2J04 
. 

Work Unit 2E1--
AI! protore will be used as Document activites referenced 
backfill material in pit areas Maps in Remed. Report No Remediation Report 

Aerial Photos Inspect and photoqraph site 

Backfill will be covered with 3 
Compare Volumes removed at 

feet of overburden and 2 feet 
dumps/other places and 

of TH Sandstone or alluvial 
Cores or trench logs volumes placed in pit 

material 
according to remediation 
documents 

5 Site Stability and Drainage 

Work Unit 2E6N01A 
Remove contaminated and fill 
material within 100 feet of Rio 

Document activites referenced 
5A Stream Stability Paguate west of confluence Verify Removal Remediation Report 

in Remed. Report 
with Rio Moquino and place in 
loits. 
On the Rio Moquino, pits S,T, 

Compare Volumes removed at 
U, Nand N2 will be pulled back 

dumps/other places and 
50 feetfrom centerline stream Verify channel cleared and 

Maps volumes placed in pit 
channeL Toes of these dump riprap 

according to remediation 
areas wm be armored with 
riprap documents 

Construct concrete drop 
Verify drop structure 

structure on Rio M. 400 feet 
construction 

Aerial Photos Inspect and photograph site 
above confluence with Rio P. Work Unit 2S5J02A 
Arroyos south of dumps I,Y 
and Y2 and arroyo west of 

Maps, Aerial Photos, 
58 Arroyo Headcutting dumps FD-1 and FD-3 will be Verify armoring Inspect and photograph site Headcutting ceased when a 

armored as shown in 
Remediation Report 

sandstone outcropping was 
FEIS,App.A,A-13 encountered, no need for this work. 

Othere headcuts encountered 
Document activites referenced 

during reclamation will be FE IS, App.A, A-13 
in Remed. Report 

stabilized by armoring 

Remove dump J and protore 
stockpiles SP-178C and SP-6~ 

Maps, Aerial Photos, 
5C Blocked Drainages B wiH be removed to unblock Verify removals Inspect and photograph site 

ephemeral drainage on south 
Remediation Report 

. side of mine site. Work Unit 2E1 J04 
Two blocked drainages north o 

Document activites referenced Observed that Drainages remain 
FD-1 and F dumps will remain 

in Remed. Report Blocked 
blocked 
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Assumed Actual Confirmin 
ROD Reauirement Veri Resources Available Action References 

6 Surface Facilities/Structures 

N. Paguate Work Unit 2S3N01 
closed 2/90 

Demolish an buildings except: 

SA Lease No. 1 {Jackpile Lease) 
geology bldg, miner training 

Verify demolltionm 
Maps. Aerial Photos, 

Inspect and photograph site 
Jackpile Work Unit 2S3J01- activity 

center and buildings at Old Remediation Report 2/90 thru 12/90 no closure date 
Shop and Open Pit offices. 

The land surfaces (except pit 
highwaHs and natural outcrops) 

Document activites referenced 
will be cleared of radiological Verify gamma levels Review gamma screening 

in Remed. Report 
material to < 2X background 

lqamma 
Grade and seed these areas Verify reveQetation 
AU facilities and structurtes at 

Maps, Aerial Photos, 
South Paguate Work Unit 2S3S01 

SB Lease No.4 P-1 0 Mine and New Shop will Inspect and photograph site active 8/89 thru 10/91 no closure 
remain 

Remediation Report 
date ' 

O&M Equipment wlll be 
Verify removal Review gamma screening 

Document activites referenced 
1 

removed in Remed. Report 1 • 

Permanenet structures and 
land surtaces {except pit 
highwalls and natural outcrops) 

Verify gamma levels 
will be cleared of radiological 
material to< 2X background 
qamma 
Grade and seed these areas Verify reve etation 
Non salvageable buildings will 
be demolished and placed 
inpits 
Four major roads within mine 

Maps, Aerial Photos. sc Access Routes site will be cleared of Verify contamination removal Inspect and photograph site Construction Work Units: 2S5 - no 
radioloqical material 

Remediation Report 
activity 

All other roads (except Lease 
Document activites referenced 

Kept only roads necessary for 
No.4) will be be removed, Verify removal and reveg. Gamma screening 

in Remed. Report 
monitoring and maintenance 

graded and seeded. activities. 

Jackpile No.4 well, P-10 We!l, 
New Shop Well and 3 wells 
near housing areas and their 

60 Water Wells 
sheltering wi!l be left. All wens Verify the well locations and 

Inspect and photograph site will be __ ?_ to prevent protections No work units, MS related what 
dust,soil and other wells were dismantled and what 
contaminant from entering well appertenances were left at each 
casing .. site. 

Pumps, risers, wiring and verify removal of these Document activites referenced 
storage tanks will be removed features in Remed. Report 

Monitoring wells win remain. 
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The rails spur will be left intact 
Verify railway contamination Maps, Aerial Photos, Visual indicate remins, no specific 

6E Rail Spur but cleared of radiological 
levels Remediation Report 

Inspect and photograph site 
work unit. 

material to < 2X gamma 

Qurk !oadeing dock will be 
Document activites referenced Visual indicated removed, No 

~~-~~-1-is-~~-d and disposed of in !verify removal and disposal Gamma screening 
in Remed. Report specific work unit. 

the p!t~. _ ---

7 Drilling Holes 

All drill holes will be plugged 
Maps, Aerial Photos, 

according to the State Verify well closures Inspect and photograph site Work Unit 2S1S05 closed 3/90 
Enaineer's requirements 

Remediation Report 

5 foot concrete plug at surface 
Document activites referenced 

and cut flush to surface, 
in Remed. Report 

reseeded I 

Unwanted access roads will be Verify removals and Pueblo 
removed wishes 

8 Underground Modifications 

SA Ventilation Holes Closed per instructions Verify Closures 
Maps, Aerial Photos, 

Inspect and photograph site Work Unit 2S1S04 closed 3/92 
Remediation Report 

Document activites referenced 
in Remed. Report 

P-10 will have a concrete 
bulkhead constructed 690 feet 
below portal. It will be 

Maps, Aerial Photos, 
86 Adits and Declines backfilled from bulkhead to Verify Closure Inspect and photograph site Work Unit 2S1S02 closed 2/92 

Groundsurface with Dakota 
Remediation Report 

Sandstone and Mancos Shale. 
It wi!l be sloped and seeded 

Alpine Mine Entry will be 
Verify Closure 

Maps, Aerial Photos, Document activites referenced 
No work unit applied to Alpine 

bu!kheaded and backfilled. Remediation Report in Remed. Report 
H-1 Mine adits wi!l be 

Verify Closure 
Maps, Aerial Photos, 

Work Unit 2S1S03 closed 2/90 
bulkheaded and backfilled Remediation Report 
P-13 and NJ-45 Mine Adits will 

Verify Closure 
Maps, Aerial Photos, Work Unit 2S1S01 closed 12/91 

be backfilled Remediation Report 
Minre entries not previously 
plugged by backfilling wi!l be 
covered. 

Adit PW-2/3 Work Unit 2S1N01 closed 3/90 
JP-PS-46 Enntries Work Unit 2S1J02 no activity 
JP-SS-50 Entries Work Unit 2S1J01 no activitv 



05000100

ROO Requirement 

9 Revegetative Methods 

9A Top Dressing 
98 Surface Preparation 

Instructions 
9C Seeding and Seed Mixtures 

At 1 0 years or later, 90 % 
density, foliar cover, basal 

90 Revegetation Success cover, and production of 
undisturbed reference areas 
per GSA or comparable mthod 

Livestock grazing will be 
prohibited until 90 % CSA met 

At end of 10 year monitoring if 
unsuccessful, retreatment may 
be required 

Pit bottoms must be sampled 
annually for radionuc!ide and 
heavy metals 

10 Monitoring 

Monitoring Plan 
ian 

11 Remediation CQmpletion 

Vegetation 90 % CSA parameters 

Gamma Radiation 
< 2x background over entire 
site 

Outdoor Radon 222 < 3 oCI/1 
Radon dauqhters < 0.03 

Assumed 
Veri Resources Available 

Verify methods used 
Maps. Aerial Photos. 
Remediation Report 

Maps, Aerial Photos, 
Perform GSA or comparable 

Remediation Report 

Annual vegetation Monitoring 
Annual Sampo!ing 

Reports 

Verify monitoring requirements I Monitoring Reports 
met 

Monitoring Reports 

Verify levels met 

I 

Page 6 

Actual Confirmin 
Action References 

Document activites referenced 
in Remed. Report 

Document activites referenced 
Check ROO against Constructin 
Specifications and Memos with 

in Remed. Report 
Changes 

Perfonn CSA or comparable 
Work Units 2R1---activity Oct 1991 
through Jun 1995 

Make recommendations on 
areas in need of revegetation 

Review annual Veg monitoring Review Existing Reports and 2006 
reports Data 

Compile and review lab data 

Review data and compare to 
No Clean Up Standards Set • 

clean up standards 
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TABLE A-2 Reconcile Monthly Maps with Draft EIS Map Areas 

a.) EIS Report Includes "Jackpile Paguate Mine Site Visual A" 
This figure contains a map with waste protore and topsoil areas designated 
b.) Construction Work Areas taken from Monthly Report Maps 

PROTORE, WASTE AND TOPSOIL PILES 

Planning Areas {a) 
Construction Work 

What Done? Planning Areas (a) 
Construction Work 

Unit Areas fbi Unit Areas b 

JACKPILE NORTH PAG
1
UATE 

Top SoH 
TS-1 JP·SB·53 Used forTS cover TS-2A NP-SB-26 
B JP-Wf-16 Used forTS cover TS-28 NP-SB-27 

West RM-104 JP-SB-64 

Waste 
u JP-W0-14 Leflm place covered T. S NP.W0-01 

NP.WS·31 
A&B JP-VVS-15 Used for shale cover N.N2 NP-W0-02 
FD-3 JP-W0-18 (SW) Left m place covered NP-WM-12 
F0-1 JP-W0-66 Left 111 place covered NP-DN-11 

JP.VV0-66A Left 111 place covered N NP.Wf-10 
JP-VV0·18C Left 1n place covered 
JP-VV0-18 (North) Left 111 place covered 
JP-VVS-17 Used lor shale cover 
JP-WS-19A Left 1n place covered 
JP-WS-19C LeitH\ place covered 

FD-2 JP-WS-01 Lefl1n place covered 
C.O.E.F,G JP-WT-02 Left m place 

JP-\•V0-70 l.eflm place 
H JP-VV0-06 Left 111 place covered 
X.I.Y,Y2 JP-W0-038 Left 111 place covered 

JP-W0-03 Left 111 place covered 
JP-W0-04 Left 111 place covemd 
JP-VV0-07 Left 1n place covered 

w JP.VV0-11 (South) Left 1n place covered 
,JP-W0-12 Left tn place covered 
JP.WS-08 Left 1n place covered 
JP·W0-10 Leflm place covered 
JP-W0-09 Lef1m place covered 

v JP-WS-13 Leltm place covered 
JP-W0·11 (Nortl1) Left m place covered 
JP-W0-20 Left m place covered 

J JP-W0-05 Leltm place covered 
Jackptle P1t waste JP-W0-72 Used for b<tckltll 
Proton~ 

SP-6-A JP-PS-24 Hauled to JP-OP-41 SP-2-C NP-1'5-17 
SP-6-B JP-PS·25 Hauled to JP-OP·41 18 NP-PS-18 
SP-1, J-1A.J·1·A.JLG JP-1'5·22 In JP·OP·41 covered 10, SP-2-D,SP-1-C NP-PS·15 
17-E JP-PS·23 Hauled to JP-OP-41 NP-1"5·16 
J2 JP·PS-26 Hauled to JP.QP-41 2E NP-PS-14 
J1 JP-PS-27 Hauled to JP·OP·41 1E ' Sl'-17f:>C Off Work Ur\11 Map Hauled to JP-OP·41 SP-1 NI'-PS-13 

SP-1-A SP--PS-01 

SHALE COVER OPERATIONS 

JACKPILE NORTH PAGUATE __ ...... -..... 
NP-01 

None Avatlable NP-02 
NP·D3 
NP-04 
NP-05 
NP-06 
NP-07 
NP-08 
NfJ·09 
NP-010 

TOPSOILCOVER 

JACKPILE NORTH PAGUATE ----··· 

JP-01 NP·D1 
Jl'-02 NP-02 
JP-03 NP-03 
Jl'-04/1 NP-Dt. 
JP-0-18 NP-05 
JP-05 NP-06 
JP-06 Nl'-07 
JP-07 NP-08 

NP-09 
JP-08A NP-010 
JP-088 
JP-OflA 
JP-098 

JP·011 
JP-D12 
JP-013 
JP·014 
JP-D15 

What Done? PI . A as (a) 1 Construction Work 
annmg re Unit Areas bl 

SOUTH PAG
1

UATE 

Used forTS cover TS-3 SP-SB-42 
Used forTS cover 
Nol used 

Left rn place QR SP-WT-03 
Used for shale cover SP.W0-04 
Left m place Sou!ll Dump sr-ws.o6 
Left m place SP P1t Waste SP-WS-11 
Left m plnce 51'-VV0-10 
used for SOil cover SP-VVM-1?. 

SP-VV0-13A 
SP-VV0-14 
SP-VV0-13B 
SP·WS-17 
SP-WT-16 
SP-WS-18A 
SP.WS-18C 
SP-\IVT·19 
SP·WS-20 
SP-WS-37 
SP-WT-15 
SP-WM-36 
SP-WS-07 
SP-WS"08 
SP-WS-09 
SP-WS-188 

L, K SP-WT-05 
SP-W0-38 

Hauled to NP-OP·20 SP-1-A SI~-PS-01 

Hauled to NP-OP-20 4·1 SP-PS-02 
Hauled to NP-OP·20 PLG 
Hauied to NP·OP-20 PLG-1 
Hauled to NP-01'-20 w 
tn NP-OP-20 covered 
Hauled to NP-01'-20 
Haulecl to NP-OP-20 

SOUTH PAGUATE 
SP-01 
SP-D2 
SP-03 
SP-04 
SP-05 
SP-06 
SP-07 
SP-08 

SP-011 

SOUTH PAGUATE 

SP-01 
SP-02 
SP-03 
SP-04 
SP-05 
SP-06 
SP·D7 
SP-08 

SP-010 
SP-011 

Wl1at Done? 
--

Used forTS cover 

l.el! 111 place covered 
Let! 111 place covered 
Left 111 place covered 
Left 111 place covered 
Left 1n place covered 
Left 1n place covered 
Left m place covered 
In 011 Used lor backfill 
Leflm place covered 
Used lor shale cover 
left 1n place 
Lellm place covered 
Left 111 place covered 
Used for so11 cover 
Used for shale cover 
Left 111 p!<Jce covered 
Used for SOil cover 
Left 1n place covered 
Used for shale cover 
Used for shale cover 
Used for shale cover 
Lefllfl place covered 
Leftm place covered 
Lefltn place covered 

Hauled lo NP-OP-20 
Hauled to SP-QP.34 
In SP-OP-34 covered 
In SP·OP-34 covered 
In SP·OP·34 covered 

--
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TABLE A-3 Jackpile ROD vs. Work Packages 
Pogc 1 

Used Marvin's Closeout Summary Table and Marvin's Coded for Various ROD Relate Draft EIS Piles to Work Units 
Added entries from Monthly Report "Detail for PTD" Closeout Dates Pile Categories Categories 

I = BACKFILLING ~ 2 ~ I i 
~ ~ t; ::. EIS Protore, Waste & Topsoil Piles 

Jackpile J = Jackpile I 

2E1J01/01B Haul Roads and Ramps thru PY93 

2E1J02 'JP-PS-23 to Backfill (JP-OP-41) Dec--92 ' '8 move Protore He 17E 

2E1J03 JP-PS-24 Pit Backfill JP-OP-41) Aor-93 ' '8 Move Protore Pile SP~A 

2E1J04 JP-PS-25 Pit Backfill JP-OP-41 A r-93 ' 18 5C P;ortial- moved Protore SP68 

2EIJ05 Pit Backfill JP-PS-26 JP-OP-41 Feb-92 ' 18 Move Protore J2 

2E1J06 Pit Backfill JP-W0-10 (JP-OP-41) Feb-92 w 18 MoveW:asteW 

2E1J07 JP-PS-27 to Backftll (JP-OP-41 Dec-92 ' ' 18 Move Prolore J1 

2E1J08 JP-W0-07 Pit Backfill {JP-OP-41) Apr-93 ,w '8 Move W:o:ste Piles X,!,Y,Y2 

2E1J09 JP-W0-12 to Pit Backfill {JP-OP-41) Jul-94 lw 18 MoveW:0:$1eW 

2E1J10 JP-WS-08 to JP-OP-41 Not Used w 18 MoveW:o:steW 

2E1J11 JP-WS-15 Pit Backfill (JP-OP-41) Nov-94 w 18 Move W:o:ste A,B 
2E1J12 JP-W0-71 Pit Backfill {JP-OP-41 Se -93 w I 18 

2E1J13 JP-W0-03 Pit Backfill JP-OP-41 Feb-92 w 'B Move W:o:$le Piles X,I,Y,Y2 

2E1J14 JP-WS-13 & W0-20 Backfill (JP-OP-42) Dec-92 wl I '8 Move W~ste V 
2E1J15 Jackoile Haul Roads- Force Account 

North Paauate N"'North Paouate 

2E1N01 Build No Paouate Haul Roads Nov-90 
2E1N02 

1
Haul to Pit NP-PS-17 Sep-91 ' ' ' 18 Move Protore SP-2-C 

2E1N03 NP-PS-18to No.Pa uate Pit Nov-90 ' 18 Move Protore 18 
2E1N04 Haul NP-PS-14\o Pit Feb-90 ' 18 Move Prolore 2E 

2E1NOS NP-PS-15 to No.Pa uate Pit Nov-90 ' I 18 Move Prolore 10 SP-2-D. ~1-C 

2E1N06 NP-PS-16 to No. Paguate Pit Nov-90 ' 18 Move Protore 10,SP-2-D. ~1-C 
2E1N07 SP-PS-01 to No. Paguate Pit Nov-90 ' I ,. Move Protore SP-1-A 
2E1N08 No Work Unil Assigned this WBS 

2E1N09 No Work Unit Assigned this WBS I 

2E1N10 INP.V•JT-10 Pit Backfill Sep-91 w 18 Move W::oste Pile N 

2E1N11 Relocate NP-PS-13 to Pit Feb-90 ' 1B Move Pro1ore SP-1 

2E1N12 Cut Slooes NP-OP-19 Feb-90 

I 
South Paauate S-South Paouate I 

I 
2E1S01 I Construct So Haul Roads 

2E1S02 I Pit Backfill SP-PS-02 Sep-91 ' I 18 Move Protore 4-1 
2E1S03 SP-PS-02 Additional Volume Oec-91 ' 18 Move Protore 4-1 

I ! 
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Used Marvin's Closeout Summary Table and 
Added entries from Monthly Report ·:p_etail for PTD" 

Marvin's I Coded for Various 
t Dates Pile C · 

1-----l------+-----1 ' 1·1· I ' I ! £ ~ ~~~ 8 
I south Pa!:!uate 

[2E2S01 

~ @ 
~ ~ 
2E2f 
2E2SOSA 

~ 
~ 2E2S11 

!SloPe i 

S"'South Paguate 

C\../W0-10 
S-17_ 

~ 

-34 ~-<!~!<_Fl_l ___ ( 

"'""'2S12 SiQPe SP~WM~i-2-:and WS-1 1 
;13 SP-WT-15A B 

2E2S14 Backfill SP-OP-34 (G<f-
2E2S15 S!o e SP-VI/T -16f37 
2E2S16 Backfill SP-OP-34 (04-East 
2E2S17 Sac 
2E2S18 Sac 
2E2S19 Mis .... 

[,J,a_c_k:pi!J:l 

I2E3J02 [Haul: 

COVER I 

'-SB-· 
:>-SB-
Ho 

2E3J04 
2E3J05 
2E3J06 
2E3J07 
2E3J08 

[Haul Soil from JP-: 

::3J08A 
::3J09 
::3J10 
~Jj_1_ 

[2E3J12 

2E3J17 
2E3J18 
2E3J1_?__ 

I . . . 
[2E3J28 

I Haul Soil from 
, Haul Soil from 

-OI___fl!_J 

!Soil JP-015 
!Soil to JP-D4 

0 {JP-SB-54} 

1 JP-WS-15 to 

Nov-9Q 

.J:iS; 
Feb-90 
Deleted 
Nov-90 
Nov-90 
Deleted 
Dec-91 
Nov-90 
Dec-91 
Dec-91 
Dec-91 

Jul-94 

3ep-93 

Sep-93 
Jul-94 

Deleted 

.J:iS; 

~ 

_!!_ 
_!!_ 

_!!_ 

-'!'.__ 

-"--

--'-

-'-

--'-

ROD J Relate Draft E!S Piles to Work Units 

lEtS Protore, Waste & · 

Slo 

18 ~!_0:~_9,§.13 __ 

~ 

~ 

~ 
_!.!!_ 
_!.!!_ 

HOI __ 

~ 

~ 

PJgc3 
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Used Marvin·s Closeout Summary Table and 
Added entries from Monthly Report "Detail for PTD" 

!Haul Soil from NP-SB-26 to NP-02 
1er NP-07 
.. " ·m NP-SB-27 to hu--

106 I Haul Soil fro 

2F3S07 

2E3S10 

2E3S21 

2E4J04 

I Haul 

-DN-61 tot 

-05 

~-ws

n NP-WS-

)-31 toN P-09 

~ssigneo 1ms vvt 
-03 to NE':.R 

·aul Soil from SP-SE!::.4.:? to SP-04 

-<t2toSP-! 
To soil to SP-08 from SP-SB-44 
To soil to SP-09 from SP-SB-42 
Haul Soil fom SP-SB-42 to SP-01 

Toosoll to SP-011 from SP-SB-42 
Soil Cover to SP-012 from SP-SB-43 

Topsoil to SP-018 from SP-SB-50 
Sh::~IP f:nvPr SP-W0-13A from SP-WS-17 

SP-138 from SP-' 
Shale Borrow for SP-PS-01 from 

Shale Cover to SP-14 from SP-W 
Haul Shale Borrow from SP-WS-07 to 

Haul Shale from Sp-WS-07 to SP-010 
Haul Shale to SP-38 Shale from SP-WS-07 

~ 
>.ss 

Haul Shale Cover from SP-WS-07 to SP- W0-10 

I Haul, 
No work Pack 

Combined into 2E4J02 

3 to JP-OP-41 for Backfill 
S to JP-OP-41 Backfill 

:1 this WBS 

Marvin·s I Coded Tor vanous 

tDates ! r; r~·rir 
NC 

IJov-! 

Seo-9: 

)eo-~ 

:eb-f 
Feb-92 
Feb-92 
Feb-92 

Dec-91 
Dec-91 

Not Used 

Oec-91 
Feb-92 

Nov-91 

Seo-91 

Not Used 
Sep-91 

Dec-91 
Seo-91 

Nov-91 

~ 
SPn-~1 

---
Feb-92 
nPrr~? 

--'--

_}_ 

_}_ 

_!_ 

_!_ 

_!_ 

' 

ROO 

--
__!_!!_ 
__!_!!_ ,. 
--,. 

--
~ 
~ ,. 

--,. 

__!_!!_ 
__!_!!_ 

__!.§._ 
__!.§._ 

__!.§._ 
__!.§._ 

__!.§._ 
__!.§._ 

__!.§._ ,. 

Relate Draft EIS Piles to Work Units 

fEiS e & Topsoil Piles 

1 B Remove sh:l!e from SPPit Waste for Cover 

1 B Remove shale from SPPit Waste for Cc 

1 B Cover Q.R with shale from SP Pit Wast 

1 B Remove shale from SPPit Waste for Cc 

1 B Remove sh.:~le from SPPit W.:1 

P~g<!4 



05000106

Used Marvin's Closeout Summary Table and Marvin's Coded for Various ROD Relate Draft EIS Piles to Work Units 
PageS 

Added entries from Monthly Report "Detail for PTD" Closeout Dates Pile Categories Categories 

I I I 

' , I • i 
~ ~ ~ ~ ~ EIS Protore, W~ste & Top">oi! Piles < 

North Paauate N North Paauate 

2E4N01 Haul Pit Backfill from NP-CS-24123 to NP-OP-20 Sep-91 I ' 2E4N01 A N. Rio Pa uate Backfill-East Dec-91 I ' 
! 

2E4N01 B N. Rio Paq_l)ate Backfill-West Dec-91 I ' i I 

South Paguate S::South Paguate 
: 

2E4S01 SP-SS-27/28. CS NC 
2E4S01 FM S-CS-27/28!31/33/53 to SP-OP-34 

2E4S02 No work Packaqe assianed this WBS 

2E4S03 No work. Packaae assianed this WBS I 
2E4S04 SP-CS 33 ' 2E4S05 No work Packaoe assioned this WBS 

2E4SOB 1 No work Packaoe assigned this WBS 

2E4S07 Completed 1990 SP-CS-62/33 32 to SP-OP-35 Nov-90 ' 
HIGHWALL RECLAMATION 

2E5J01 Tnm JP Hiohwalls 

2ESJ02 Scale JP Hiohwalls 

2ESN01 Scale N. P?Q!Jate Highwalls Dec-91 I 
2ESN02 Trim N. Paguate Hiahwans Dec-91 
2ESS01 Scale S. paguate Hiqhwalls Dec-91 

2ESS02 Trim S. Paquate Hiqhwalls Dec-91 

EROSION CONTROL 

I 
2E6N01A Rio Moouino Erosion Control Nov-94 
2E6N02 Delete Rio Moquino Channel 

2J::6N03 Deleted 1990 Beddino Material 

I 
2E6X01 Deleted 1990 Quarrv Rock ! 
2E6X02 Deleted 1990 Process Rock I I 

2R1N01 Reseed N P Flat Areas Nov-94 I 
2R1N02 Reseed N P Slope Areas Nov-94 

UNDERGROUND ENTRIES ABANDONMENT I 
I 

2S1J01 Seal JP-SS-50 Entries 

2S1J02 Seal JP-PS-46 Entries 

2S1N01 Seal PW-2/3 Adit Feb-90 

2S1S01 Sea!P-13Adit Dec-91 
2S1S02 P-10 Decline Closure Feb-92 I 
2S1S03 Seal H-1 Adit Feb-90 i 
2S1S04 Seal Vent Holes Feb-92 I 
2S1S05 Pluq Drill Holes Feb-90 I 

I 
PIT WATER 

2S2J01 Dewater Jackpile Pil PY-91 92 93 Dec 91 
2S2N01 Dewater No. Paguate Pit Jul-90 
2S2S01 Dewater So. P;;tguate Pit Nov-90 



05000107

Used Marvin's Closeout Summary Table and Marvin's Coded for Various ROO Relate Draft EIS Piles to Work Units 

• 

Added entries from Monthly Report "Detail for PTD" Closeout Dates Pile Categories Categories 

Pag~G 

' 
I -

0 

£ ~ • } il • EIS Protore, W~ste & Topsoil Piles 

SURFACE STRUCTURE DEMOLITION 

2S3J01 Demolish Jackoile Surface Structures I 
' 

2S3N01 Demolish No. Paouate Structures Feb-90 
2S3S01 Demolish South Paouate Surface Structures 
2S4XY Not Assioned 

I 
PERMANENT STRUCTURE 

2SSJ01 Construct Permanent Access Roads JP 
2SSJ02A Rio Moquino Drop Structure 

2SSJ02 Construct Fences-Jackoile Area Dec-91 ' w 
2SSN01 Constr. Permanent Access Roads NP I 
2SSN02 Construct Fences-N. oaouate Area Dec-91 10 

2SSS01 Constr. Permanent Access Roads SP 

2SSS02 Construct Fences-S. oaouate Area Dec-91 I 10 

2SSJ09 Constr. Perm Fences All Areas 
I 

SEED BEDS 

2R1J01 Prepare Bed and Seed JP Flat Areas 
2R1J02 Prepared Bed and Seed JP Slope Areas 
2R1N01 Prepare Bed and Seed NP Flat Areas 
2R1N02 Prepared Bed and Seed NP Slooe Areas 
2R1S01 Prepare Bed and Seed SP Flat Areas I 
2R1S02 I Prepared Bed and Seed SP Slooe Areas 
2R1S03 Complete 1990 Reseed and Housino Area 

I 
IRRIGATION 

I 
2R2J01 Deleted 1990 lrrioation 
2R2N01 Deleted 1990 lrrioation 
2R2S01 Tree Plantino 

BENCHESfTERRACING 

I 
2T2J01 JP-WS-01 Slopes Jul-94 Slo e FD-2 

2T2J02 

2T2J03 Cut JP-W0-03A /38/4A/48 Slooes Slope X,!,Y Y2 

2T2N01 Cut NP-W0-01 Rio Moquino Benches Sep-92 
2T2S01 Cut SP-SW-06 Slopes Oak Canyon 
2T2PLR Mise Repairs PY 93 Force Account 

2T1J01 TerracinQ JP Area 29000 tf 
2T1N01 T erracino NP Area 1200 If 
2T1S01 Terracino SP Area 19100 If I 
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Activity in Work Units 
Based on Monthly Reports 

Completion 
Dates 

From Monthly 
Reports 

TABLE A-4 Work Packages vs. Monthly Report Activities 

From Monthly Reports 
C = Closeouts from Section 5.3 

MONTHLY REPORTS A=Activity (Section 5.2) C=Field Completion (Section 5.3 Item 2) S=Suspended Activity (Section 5.2) 
Month 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 G 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 tO 11 12 

P<Jgc 1 

2 3 4 5 G 7 8 9 10 11 12 2 3 4 5 6 

!---------;-;-;-;-;-;--,;-;:---:--;o--------------,--,.--c:-:--c--•--------------1Year 89 eg 89 ag sg so 9o go so so go so so go go so go 9t 9t 9t 9t 9t 9t st 9t 91 st st g, 92 n n 92 n gz gz 92 gz 92 92 s2 93 93 93 93 93 93 93 93 93 93 sJ sJ 94 94 94 94 94 94 94 94 94 94 94 94 ss 95 95 95 95 95 

Work Unit Description. :'>lan·iu's Tah!c 

Jackpile 

2:E1J01/01B 
2E1J02 
2E1J03 
2E1J04 
2E1JOS 

2E1J06 
2E1J07 
2E1J08 

2E1J09 
2E1JJO 
2E1J11 
2E1J12 
2E1J13 

2E1J14 
ggJ,J_1_5 ___ _ 

North Paguate; 

2E1N01 

2E1N02 

2E1N03 

2E1N04 

2E1NOS 

2E1N06 

2E1N07 

2E1N08 
2E1N09 

2E1N10 

2E1N11 

2E1N12 

South Paguate 

2E1S01 

2E1S02 

2E1$03 

Jackpile 

2E2J01 

2E2J02 

2E2J03 

2E2J03A 

2E2J04 

.?_l:?J95_ 

.2.~:2)()§_ 
_ 2:_E~?)Cl?. ___ '' 
?E_?/9~ _. 
2E2J09 

2E2J10 

2E2J11 

2E2J12 

2E2J12 

2E2J13 
2E2J14 

2E2J15 

2E2J_1_6 

?t=:_?J_~7_ 
2E2J18 

BACKFILLING= 
Moving Wast~. an9 _Pr\)to~~- t()_ ()pe_n_ Pits 

J -~- Jac_kpiiG: · 

.Hatll R_oads and Ramps thruPY93 

JP-PS:23 to !3ackf1U (Jf.~O,P~4!) 
,JP_-_PS-24 Pit Backfill (JP-OP-41) 

Jf=>-PS;-25 Pit_ BackfiU (JP-OP~41) 

,Pit Backfill J_p_-PS-26 (JP:QP:4: 1) 
Pit Backfill_ JP-W0-1_0_ (JP-{)P-41) 

:JP-P$:27 to Backfill_ (JP-OP-_41) 

_JP_-W0-07 Pit 13_ack(i_ll (JP:QP~4_1_) 

,_JP:VVQ-1219 PitB<,>_c;_kfill (JP..:()_P-4:1.) 
JP_-yYS-08 to JP-OP-41 

.JP-WS-15 Pit Backfill {JP-Q_P:.41.J 
)P-W0-71 Pit_B_ackfill (JP-OP:41) 

,JP-W0-03 Pi!_ B_ackfill (JP-()P-_41) 

_JP~IJY$.·1:).& \:Y9-.?0 .. Back_fill {JP-OP-42) 

_\).?.<:.~P:il.€! H~uL~_og~g_s- Force Account 

t\);;:North Paguate 

. Build_ No Paguate Haul Roads 
Haul toPit NP-PS-17 

, NP-PS~18 to No. Paguate P1t 

Haul NP-PS-14 to Pit 

, NP-PS-15 to No.Paguate Pit 

NP-PS-_16to No Paguate Pit 

. :SP-P~~91 .. t_o No. Paguate Pit 

;No IJVork U_nit Assig11ed _!hi!? _WBS 

:No 'NO:~~ .. Y11it .~ssi_g_n_ed _th_1_s yVf?S 
NP-WT-10 Pit Backfill 

,Relocate NP_-PS-13 to Pit 

CLJI .. :SI()pes f\!~:.Or:'-19 

S~South_ f<J.guate 

Construct SP Haul Roads 

. Pit Backfill SP-PS-02 

SP-PS-02 Additional Volume 

DUMP SLOPING 

)P-W0-11 Backfill 
JP-WT-16 Backfill 

J = Jackpile 

_JP-\IV:S-17 to Backfill (Dozers) 
JP-WS-17 Backfill 

.JP-PS-22 Cui Slopes 

Cut J.r:':\f\IO}?.Siopes 

;,t\lo _\f\l()r~ .LJ.nit_/l..§~igned tlliS:_V\'_[3S 
No_ \flj_ork __ Uni_l_l\ssigned_ t_~i~_ \fl,/]38 _ 

;_9tJ_t .Jf:>:WS-0_1 --~-ll)p_es __ _ 
Deleted _(JP~Wf-02A/02B/029) 

,/P~W0-7~_P_it Backfill 

No Work Unit Assigned this WBS 

,JP-W0-06 Cut Slopes 

JP·:W0~06 C,ut Slopes 

.J.P-W0-08/ W0-12 Cut Slopes 
JP-W0-11 qut Slopes 

_Cut ?lopes JP~WS-_1_5 (15_A/15B Slopes) 

_JP-W0-05 C_ut ::)lop~s 

~ 9_lJ_I _JP~ Wf ·1_ 61~./_1_1)_!?/ 1_§_9!?!ope_s 
Shale to JP-04 

Completion OJtc~ "' 

Not Used 

Not Us~d 

Not Used 

Dec-92 

Apr-93 

Apr-93 

Feb-92 

Feb-92 

Dec-92 

Apr-93 

Jul-94 

Not Used 

Nov-94 
Sep-93 

Feb-92 

Dec-92 

Nov-90 1 0 

Sep-91 1.0 

Nov-90 1 .0 
Feb-90 1.0 

Nov-90 1,0 

Nov-90 1.0 

Nov-90 1.0 

Sep-9_1 1.0 
Feb-90 1.0 

Feb-90 1.0 

11-Apr-91 

4-Sep-91 

11-Apr-91 

11-Apr-91 

11-Apr-91 

11-Apr-91 

11-Apr-91 

4-Sep-91 

11-Apr-91 

4-Jul-90 

Sep-91 1 0 4-Sep-91 

Dec-91 1.0 16-0ec-91 

Jul-94 

Jul-94 

Dec-92 

S_ep-_93 

Apr-93 

Sep-93 

Apr-93 
Feb-92 

Sep-91 1.0 

AJ?I:-9~ 

NC 

9-Apr-91 

POL Sognaturc 

Olsen 

Harrison 

Harnson 

Olsen 

Olsen 

Rcp<>rl 
Number 

Z 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23M 25M 27 28 H W 31 32 33 U 35 H U 38 H 40 41 42 43 44 45_8_47_48 0.~.51 U U 54 55 H_~_58_59_60_61 U 63_N_65_65_67 H 69 M 71 

A. A ;, A ;, A r,. 

A. f, A A A r\ A 

. r, A A A r,, A. 

A A_C C 

• A C 

S_S S $A A_A_C 

1\ A, 1\ A 

A. A. 

A 

.S A 

A A 

A c_c 
A_C 

A. f< !1 A f1 c 

2 3 4 5 &_7_8_9 1011121314 15_16_17_18 19 20 2122 23 24 25 26_27,26_29,3031 n_33_34_3s 35_37_38_39_40_41 42 43 44 45_45_47_48 4s_so_s1 52.53_54_55 sa s7_sass_so 61 6263_6465 66 G7_68 69 70 71 

A A S S S A A A A A 

A A A A A A A C 

A ASSSSSSA AC 

SSSSSSSA 1\C 

A A A A A A A C 

A A A A A A A A A A A C 

A A A A A A A A A A A 

Af1S SSSSSSSSSAC 

A A c D 

D 

~ . . . 

A A A A A A A A 

A A 

A 

D 

D 

D 
D 

2 3 4 5 6 7 8 9 10 11 12 131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41_42_43 44_45 4G 47 ~8 4S 50_ 51 52 53 54 55 56 57 58 59 60 6162 63 G4 65 66 67 68 69 70 71 

A A fl A A 

. f, A. 1\. A. 

AAAAAAf·SSSSSSSSSA 

"A D 

A 

A .'\. 

'. A 

A 

A 

. A A fl fl A A A fl fl C C C 
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Activity in Work Units 
Based on Monthly Reports 

Completion 
Dates 

From Monthly 
Reports 

From Monthly Reports 
C = Closeouts from Section 5.3 

MONTHLY REPORTS A=Activity (Section 5.2) C=Field Completion (Section 5.3 Item 2) S=Suspended Activity (Section 5.2) 
Month 8 9 10 11 12 2 3 4 5 ij 7 8 9 10 11 12 2 3 4 5 ij 7 8 9 10 11 12 1 2 3 4 5 ij 7 6 9 to 11 12 ' ' ~ o 1 e 9 10 11 12 2 J 4 5 6 7 8 9 10 11 12 1 2 J 4 5 6 

!---------nrr;c;,-.rr.;,.,..:o;c;c:r;:c-""":------------,,-,=cc;,-.;o=o--.-----;:---:--o-::--,-----jyear 89 69 M 89 89 9o 9o 9o 9o 9o 9o 9o so 90 so so 90 st 91 91 91 91 91 91 91 91 91 91 91 92 92 92 92 92 92 92 92 s2 92 92 92 93 93 93 93 93 93 93 93 93 93 93 93 94 94 94 94 94 94 94 94 94 94 94 94 95 95 95 ss ss 95 
Or ntt escnpttOO. _\tan in', hhl<' Construction Report 

2E2J19 
2E2J20 

2E2J21 
2E2J22 
2E2J23 

?~_?_J_?~---
2E2J25 
2E2J26 
2E2J27 
2E2J28 
2E2J29 
2E2J30 
2E2J31 
2E2J32 

. JP-W0-73 Pit Backfill 
Clll Slope JP-W0-14 

.JP-WS-15A 9ut Slop_es 
_JP-WS-19 8 & C 
.Cut JP-WS~19C Slopes 

____ .. __ 9_l:!_t_~t()_p_~~-}f:'.-.YY.9::_6§ __ 
:Deleted (JP-W()-70) 
JP-W0_-1_~A /66A Cut Slopes 
.Cut S_lopes JP-W0-1.8B(?,_ 66C 
JP-W0-18C/66C 

,JP-W0-03A_ Cut_$1opes 
JP-W0-038 Cut Slopes 

.JP-W0-04A Cut Slopes 
~P-\J\10:048 Cu_t Slopes 

North_ Paguate N::North Paguate 

2E2N01 
2E2N02 
2E2N03 
2E2N04 

, Clii sench NP-W0-01 

:Cut Slopes NP-W0-02 
Cut Slopes N P- WS-03 

.stope NP-W0-04 

?~_2.!jO? ·--------'"- _________ ":_g~~LNP.:Y\1.9 7~H~--~£()p~s--
2E2N06 Cut NP-Wf-09 Slopes 
2E2N07 , Regrade-NP-DN~i2 
2E2N08 , Cut Slopes NP-WM-12 
2E2N09 , Slope NP-HW-25 

~o.uth_Paguate 

2E2S01 
2E2S02 
2E2S03 
2E2S04 
2E2S05 .. 

2E2S06 
2E2S07 
2E2S08A 
2E2S09 
2E'2S'10~ 

2E2S11 
2E2S12 
2E2S13 
.2E2.814 .. 

2E2S15 
2E2S16 
2E2S17 
2E2S18 
2E2S19 

Jackpile 

2E3J01 
2E3J02 
2E3J03 
2E3J04 
2E3J05 
2E3J06 
2E3J07 
2E3J08 
2E3J08A 
2E3J09 
2E3J10 
2E3J11 
2E3J12 
2E3J12 
2E3J13 
2E3J14 
2E3J15 
2E3J16 
2E3J17 
2E3J18 

S=S()_Ut_h _Paguate 

·_Slope SP-13A t'w0-10 
Cut Slopes SP-WS-17 

'Cut Slop'e SP-W0-138·&· WS--18A 
'cut SP-W0-14 Slopes 
Cut SP-WS-188 Slopes 
Sio·p·e--SP~IiiJS~ 18C -i W'f'-·1--g· 
· siope·sr-\NT'-o3 
'SP-OP-34 Backfill (Force Account) SP-WT-06 
Cut SP-W0-38 Slopes "---s-p:ws:o6 _________________ ---------

-·s-lope--sp~·wr ~ 19A-
. Slope WS-WM-12 
SP-WT-15A,B 
Backfill SP-OP-34 (04-West) 

'slope SP-wT -16137 
'sackfill SP-OP-34 (04-East) 
Backfill SP-OP-34 (SP-14) 

. Backfill SP-OP-34(Sh-2) 
Misc. So. Paguate Sloping 

COVER PLACEMEf':IT 

J = .. Jackpi_le 

Haul Soil from JP-SB-53 to 04 Soil Cover 
, Haul Soil from JP-SB-53 to 05 Soil Cover 
Haul Soil from JP-SB-53 to 06 Soil Cover 
Haul Soil from JP-SB-53 to 09A 
Hatil Soil from JP-SB-53 to 01 

_H_aul Soil from JP-SB-53 to 03 
Haul Soil from JP-SB-53to 02 

. :Haul Soil from JP-SB-64 to 07 
_JP-W0-07 Pit Backfill 
Haul Soil from JP-SB-64 to 011 
Halll Soil from JP-SB-64 to 012 or D12A 
Haul Soil from JP-SB-54 to 016 

.Haul Soil from JP-SB-54 to 015 
Soil JP-015 

·Soil to JP-04 
---~-~96' (_j_~~-~_8:54_) 
Topsoil to H-1 mme area 

'Soil to JP-013 
· s·oil JP-088 
Haul Shaie from JP-WS-19 to 04 

Completion Oato& "' 
Apr-93 
Oec-91 1 .0 16-0ec-91 

Feb-92 
Sep-92 

Oec-92 
Sep-92 
Oec-92 

Jul-94 
Sep-93 
Sep-93 

~ep-9_3 

Feb,92 
Sep-91 1 .o 
Sep-91 1.0 
Nov-90 1.0 

9-Apr-91 
9-Apr-91 
11-Apr-91 

POL Sigr>a!UIC 

c~rl•hcd 

Olsen 
Olsen 

Harrison 

...... '!c., ...... ·························· .............................. . 
NC 

Oec-91 1.0 
Sep-91 1.0 
Nov-90 1.0 

Nov"90 1.0 
Oec-91 1 0 
Dec,91 1.0 
Feb"90 1.0 

· Nc 
Nov-90 ·1--.0-- · 
Nov-90 1.0 

16-0ec-91 
4-Sep-91 
11-Apr-91 

11-Apr-91 
16-0ec-91 
16-Dec-91 
11-Apr-91 

Olsen 
Olsen 

Harrison 

Harrison 
Olsen 
Olsen 

Harrison 

NC 
Feb-90 1_0 

"Dei'e~tedl· ' '· ··•·· ···• ··"··' •··· ···•· 
Nov-90 1.0 
Nov-90 1.0 
Deleted 
Dec-91 1_0 
Nov-90 1.0 
Dec-91 1 0 
Dec-91 1.0 
Dec"91 1 0 
Nov-90 1.0 

Apr-_9_3 
Apr-93 

Jul-94 
Nov-94 

Sep-93 
Nov-94 
Sep-93 
Sep-93 

Jul-94 
Sep~93 
Jul-94 

oeieted 

16-0ec-91 
11-Apr-91 
16-Dec-91 
16-Dec-91 
16-0ec-91 
11-Apr-91 

Oec-91 1.0 16-0ec-91 
Jul-94 

NC 

Olsen 
Harrison 

Olsen 
Olsen 
Olsen 

Harrison 

Olsen 

Report 

' ' ' 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 46 49 50 51 52 53 54 55 56 57 58 59 GO 61 62 63 64 65 66 67 68 69 70 71 

' 
A A A, 

_A_A_A,A s_S S __ A C 

A A 

ssssssss 
":~ S C Atij 

A. A 

D 
D 

A. f1 A A 

" c 
" c 

A 

A A C 

,, 

2 3 4 5 6 7 8 9 10 11_12 13 14_15 1617 W 19 <O <1 22 23_24 25 26_27 21l 29_30 31 32 33 34_35 35 37 36_39 40 41_42 43 44 4& 46 47 48 49 50 51 52_53 54_ 55 56_57 5B 59 60 6162 63 64 65_66 67 68 69 70 71 

A A A A A A A 

Af,AAAA 

1\ A A A 

AAAA:\A 

!\AAAAA 

,, 

c 

c 

A C 

c 

c 

D 
A f, A 

A A A A A A 

D 

ttl 
D 

fE 
D 

D 
§ 

2 3 4 5 G 7 8 9 1011 121314 151517 18 19 20 21 22 23 24 25 25 27 21l 29,30 J1 32_33 J4 35 J& 37 38 39 40 4142 43 44 4~ 4G 47 48_49 SO 51_ 52 53 54 55 56 57 58 59 60 6162 63 64 65_66 67 68_69 70 71 

,, 
A A A C C 

A A ,, 
,. 
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Activity in Work Units 
Based on Monthly Reports 

Completion 
Dates 

From Monthly 
Reports 

From Monthly Reports 
C = Closeouts from Section 5.3 

MONTHLY REPORTS A=Activity (Section 5.2) C=Field Completion (Section 5.3 Item 2) S=Suspended Activity (Section 5.2) 
Month 6 9 10 11 12 2 3 4 s 6 7 6 9 10 11 12 1 2 3 4 5 6 7 6 9 10 11 12 1 2 3 4 5 6 7 6 9 10 11 12 1 2 3 4 5 6 7 6 9 10 11 12 2 3 4 5 5 7 a 9 10 11 12 1 2 3 4 5 6 

j--------.....,;;;-;::;:-;;;::;;--;;-::-::-::::;::;;:::-::------------,--:;-:-::c:;c:;;-:-c--r----,----:-::--:-::-----jyear 89 89 89 69 69 90 so 90 90 so 90 so 90 90 so 90 90 91 91 91 01 91 91 91 01 91 91 91 91 92 02 n 92 02 92 92 n 92 02 92 92 93 93 93 93 o3 93 93 93 93 93 93 93 94 94 94 94 94 S4 94 94 g.1 94 94 94 95 ss 95 95 95 95 

Work Unit Description. '1an·iu'sT;•hk construction Report 

2E3_~1_$)_ 

?S.3}~.Q 
. ?J;;_3_~_21 
2E3J22 
2E3J23 
2E3J23 
2E3J24 
2E3J24 
2E3J25 
2E3J26 
2E3J27 
2E3J28 
2E3J29 
~t:)rth Paguate 

2E3N01 
2E3N02 

2E3N02 
2E3N03 
2E3N04 
2E3N05 
2E3N06 
2E3.N07 TopsOil 

2E3N07 Shale 
2E3NOB Topsoil 
2E3N08 Shale 

2E3N09 
2E3N10 
2E3N11 
2E3N12 
2E3N13 
2E3N14. 

2E3N15 

2E3N16 
2E3N16 
2E3N17 
2E3N18 
2E3N19 

2E3N20 

-~~~Nf.1 

South Paguate 

2E3S01 
2E3S02 
2E3S03 

2E3S04 
2E3S05 
2E3S06 
2E3S07 
2E3S08 
2E3S09 

2E3S10 
2E3S11 
2E3S12 
2E3S13 

2E3S14 
2E3S15 
2E3S16 
2E3S17 

2E3S18 
2E3S19 
2E3S20 

2E3S21 

Jack pile 

2E4J01 

.?S.~JO? 
2E4Jp3 
2E4J04 

Haul Shale from JP-WS-15 to 01 
·-Ha·Ui"ShcliB"ffO-m JP--WS-15-io 02 Shale Cover 
-Ha~~-shaie·!'rom--JP-ws:-1·siO"D7"- _____ " ____ ........ 

'~-:~: -~~:::-~~~-~{3~: ~~-: -~ ~ --:~··g·~· ~-" 
"Sh81e JP-01-5 
Haul Shale from JP-WT-02 TO DBA 

:Jr-Wo-:o2 ....... 

'Shale Cover ·JP-013 
Shale JP-014 or 04 

'Ha.Ui sh8ie from JP-wT-02 to 015 
Haul Shale from JP-WT-02 to 016 

N_=North _Paguate 

, HauiSoi_l from NP-SB-61 to NP-08 
Haul Soil from NP-SB-26 to NP-02 
Soil Cover NP-07 

:Haul Soil from NP-SB-27 to NP-07 
Haul Soil from NP-SB-27 to 09 
· HaL~i ·s·Oit ·rrom· NP-SB-27 to 06 
Haul Soil from NP-SB-61 to NP-09 

. Haul Soil from SP-ON-61 to NP-04 
Haul Soil from SP-ON-61 to NP-04 

:Haul sOil from SP-DN-61 to NP-01 
Haul Soil from SP-ON-61 to NP-01 
Haul Soil from SP-ON-61 to NP-03 

, rJaul Soil from SP~DN-61 to NP-05 
.H<Jul S_oil frqrn_ SP-DN-61 to NP-010 
So1l to NP-06 (Benches) 

: H~ul S~ale Cover From NP-WS-31 toN P-09 
Shale Borrow toN P-04 
Shale Borrow to NP-05 
Haul Shale from NP-WS-31 to NP-08 
Shale Cover NP-08 

'Hal; I shBtB f~o-m NP-WS-31 to NP-010 
:Haul shale From· NP-ws-o3 to NP-03 
,Haul Shale From NP-WS-03 to NP-03 
No Work Packaqe Assigned this WBS# 

__ . __ : !':1-~~!_1_§_~.13!.~- frgln __ f'.!.P.:_~f?.:Q~_!9. N P.:P .. L 

S"'S(luth Paguate 
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North Paguate 
2E4N01 

2E4N01 A 
2E4N01 8 

~.<:>_l.l_th_Pag_LJ_C\_te_ 

_2E<1_S01 

?E4.?_01 
?£:_4_$02 __ 

2_1;~$9_3, .. 
2E4S04 

2E4S05 
2E4S06 
2E4S07 

2E5J01 
2E5J02 

2E5N01 

2E5N02 

2E5S01 

2E5S02 

2E6N01A 

2~6N0_2 

2E6_N03 

2E.9X01 

2E6X02 

.?.$.1)9_1 
2S_1J02 

2S1N01 

2S1S01 

281802 

281803 

2$1$04 

281$05 

2S2J01 

2S2N01 
2$2$01 

2S3J01 

2S3ND1 

2$3$01 

2S4XY 

2S5J01 
zsSjcizA· 
2S5J02 

2S5N01 

2S5N02 

2S5S01 

2S5S02 

2S5J09 

285810 

Activity in Work Units 
Based on Monthly Reports 

or mt escnpt10n. 

No:North _paguate 
Haul Pit Backfill from NP-CS-24/23 to NP-OP-20 

N. R1o PafJuate Backfill-East 

N. Rio Paguate Backfill-West 

SP-SS-27/28, CS 

____ F:t\11 .. ?-~_(;_~-~-??_!~~_1_3!13_3_!5~ .. 10 SP:OP_-34 
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2R1J01 

2R1J02 

2R1N01 

2R1N02 

2R1S01 

2R1S02 

2R1S03 

2R2J01 

2R2N01 
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2T2J02 

2T2J03 

2T2N01 

:ZT=?S01 
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2T1S01 

Activity in Work Units 
Based on Monthly Reports 

or 111t escnptton. 

,Seed BEJdS 
Prepare Bed_ and Seed JP Flat Areas 
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05000114OA 5),stems Corporation 

Jackpile-Paguate Uranium Mine 
Record o(Decision Compliance Assessment 

APPENDIXB 

Photographic Documentation 

September 2007 
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Jackpi/e-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

Photo B-1: Permanent Pond in NP-OP-20 near MW 20 W OAS Photo August 2006 

Photo B-2: North Side of Waste Pile "H" OAS Photo August 2006 

OA Syste111s Corporation Septe111ber 2007 
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Photo B-3: Waste Pile "J"- Sloped and Seeded 

Jackp ile-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

OAS Photo August 2006 

Photo 8-4: Fencing Photo from Monthly Report No. 14, Figure 3 

OA Systems Corporation September 2007 
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Jackpile-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

Photo B-5: SP-OP-34 SW Highwall, Naturally Sloughing OAS Photo, August 2006 

Photo B-6: SP-OP-35 Highwall OAS Photo August 2006 

OA Systems Co11Joration September 2007 
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Jackpile-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

Photo B-7: Jackoile Hi!!hwall alon!l Gavilan Mesa OAS Photo. Au!!ust 2006 

Photo B-8: Photo from Monthly Report No. 14 Figure 6 Terrace and Berm after 
unusually large rainfall 

OA Systems C01poration September 2007 
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Jackpi/e-Paguate Uranium Mine 
Record o(Decision Compliance Assessment 

Berm in South Paguate Pit, holding water as designed OAS Photo August 2006 

Photo B-10: Additional view of Berms in South Paguate Pit OAS Photo August 2006 

OA Systems Corporation September 2007 
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Photo B-11: South End of "I" above Road 

_, 

Photo B-12: Blowout in Pile "A" Lower Terrace 

OA Systems Corporation 

Jackpile-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

OAS Photo August 2006 

OAS Photo August 2006 

September 2007 
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Jackpi/e-Paguate Uranium Mine 
Record o(Decision Compliance Assessment 

Photo B-13: Roadway Erosion East Side ofWastepile "I" OAS Photo August 2006 

~hoto B14: Location of former protore piles along the Rio Paguate OAS Photo August 2006 

OA Systems Corporation September 2007 
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Jackpile-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

Photo B-15: Armored Toe of Pile "T" along the Rio Moquino. POL Archived Photo 
taken sometime after Armoring was completed (late 1994). 

Photo B-16: Armored Toe of Pile "T" along the Rio Moquino, the former road area is 
almost completely eroded. OAS Photo A ugust 2007 

OA Systems Cmporation September 2007 
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Jackpile-Paguate Uranium Mine 
Record o(Decision Compliance Assessment 

Photo B-18: Former road crossing of Rio Moquino OAS Photo August 2006 

OA Systems C01poration September 2007 
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Jackpile-Paguate Uranium Mine 
Record o{Decision Compliance Assessment 

Photo B-19: End ofHeadcutting , Area of Exposed Sandstone OAS Photo August 2006 

Photo B-20: In the background is Waste Pile "J" which was left in place, the area in 
front is the east side of"J" and contained the former protore piles "SP-68 and SP- 178 
C". OAS Photo August 2006 

OA Systems C01 poration September 2007 
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Photo B-21: Blocked Drainage North ofFD-1 

Photo B-22: P-10 Well and Tank. 

OA Systems C01poration 

Jackpile-Paguate Uranium Mine 
Record o(Decision Compliance Assessment 

OAS Photo August 2006 

OAS Photo August 2006 

September 2007 
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Photo B-23: New Shop Well and Tanlc 

OA Systems C01poration 

Jackpi!e-Paguate Uranium Mine 
Record o[Decision Compliance Assessment 

OAS Photo August 2007 

September 2007 
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APPENDIXC 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

JACKPILE-PAGUATE URANIUM MINE 
SITE MAPS (on CD-ROM) 

EXHIBIT 1- 2003 AERIAL PHOTOGRAPH- WITH SITE FEATURES OF THE 
JACKPILE-PAGUATE URANIUM MINE 

EXHIBIT 2-1995 TOI'OGRAPHIC BASE MAP- WITH SITE FEATURES OF 
THE JACKPILE-PAGUATE URANIUM MINE 

OA Systems Corporation September 2007 
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Jackpile-Paguate 
U ran.ium Mine 

Record of Decision 
Compliance Assessment 

CD-ROM 

Appendix C 
Exhibit 1 & Exhibit 2 

Aerial Photo & Topo Map 

September 2007 

Prepared by: OA Systems Corporation 
2201 Civic Circle, Suite 511 

Amarillo, Texas 79109 
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Jackpi/e-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

APPENDIXD 

ANALYSIS AND REVIEW OF: 
RE-VEGETATION, 

CEDAR CREEK VEGETATION SURVEY, 
GAMMA RAD-RADON GAS, 

SOILS AND UPTAKE, 
WATER QUALITY AND WATER QUALITY ADDENDUM 

(Monitoring Results, Water Quality and 
Water Quality Addendum also on CD-ROM) 

OA Systems Corporation September 2007 
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-------- -----------

Jackpi/e-Paguate Uranium Aline 
Record of Decision Compliance Assessment 

P_~'l.f.:: . .Becl am qjj_on R e-veger f!l.is2!1.!2~?tccess A nal.Jlsis 

JACKPILE-PAGUATE URANIUM MINE 
POST-RECLAMATION 

RE-VEGETATION SUCCESS ANALYSIS 

OA Systems Corporation 
-----------------------,-------:--

June 2007 
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1.0 INTRODUCTION 

This report presents a review of post-reclamation vegetation monitoring data and an 
analysis of vegetation success for the reclaimed Jackpile-Paguate Uranium Mine. 

The objectives of this report are to: 
1. Determine if the post-reclamation vegetation monitoring has met the requirements 

of the .Jackpile-Paguate Reclamation Project Record of Decision (ROD) (DOh, 
1986) as defined in the Environmental Impact Statement (DOI1, 1986) 

2. Analyze the vegetation survey data collected to determine if the vegetation 
parameters met the requirements established in the ROD. 

3. Determine if the revegetation on the recbimed mine is stable and self-sustaining. 
4. Make recommendations on how to overcome any ROD deficiencies. 

The following provides an overview of the reclamation and revegetation on and around 
the mine site, previous studies on reclamation, and the basis for making decisions on the 
mine reclamation status. 

2.0 BACKGROUND 

The area of the mine and surrounding landscape is a region of broad mesas and plateaus 
separated by deep canyon, dry washes, and broad alluvial valleys on the southeastern 
edge Colorado Plateau province. This is a semi-arid region that supports grasslands 
dominated by blue grama/galleta on the mesas and uplands, and alkali sacaton in the 
valleys. 

This project involved the reclamation of the three open pits, 32 waste dumps, 23 pro tore 
(sub-grade ore) stockpiles, four topsoil stockpiles, as well as roads and buildings on the 
remaining 2,656 acres of disturbed land. 

As defined in the ROD. the objectives of the reclamation are: 

1) To ensure human health and safety. 
2) To reduce the release of radioactive elements and radionuc!ei to as low as 

reasonably achievable. 
3) To ensure the integrity of all existing cultural, religious and archeological sites. 
4) To return the vegetative cover to a productive condition compatible with the 

surrounding area. 
5) Provide for additional land uses that are compatible with other reclamation 

objectives and that are desired by the Pueblo of Laguna. 
6) Eliminate the need for post-reclamation maintenance. 
7) Blend the visual characteristics of the mine with the surrounding terrain. 
8) Employ the Pueblo of Laguna people in efforts that afford them opportunities to 

utilize the skills or train them as appropriate. 
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In addition, it was also important to determine if the EIS and the ROD requirements are 
still applicable to the mine site after 20 years because reclamation techniques have 
improved and the knowledge base has been enhanced. To perform this evaluation, the 
following reports and surveys were reviewed and analyzed: 

1. Jacobs Engineering Group, Inc., "Jackpile Project, Final Environmental 
Monitoring Plan", 1989. 

2. United States Government, Soil Conservation Service-Memorandum, Noel 
Marsh, Area Range Conservationist, "Trip report-review current plans, 
.1pecijications and problems pertaining to revegetation oj'the Jackpile mine 
reclamation area··, March 13, 1990. 

3. United States Government, Soil Conservation Service-Memorandum, Allan 
Ardoin, Area Soil Scientist, "T!-ip report-Review ofJack Pile Mine Reclamation 
by Area Soil Scientist and Area Range Conservationist", March 23, 1990. 

4. Landmark Reclamution/Weston, "Jackpile Reclamation Profect, Pueblo of 
Laguna, New Mexico, Soils and Vegetation Evaluation for Final Reclamation", 
Final, April 1991 

5. Munk, Lewis P. and Boden, Paul, Soils and Biogeochemistry, "Interim 
Reclamation Success Analysis, North and South Paguate Open Pits, Jackpile
Paguate Uranium Mine", December 1996. 

6. USDA, Natural Resources Conservation Service, National Range and Pasture 
Handbook-Jnventmying and Monitoring Grazing Land Resources, Chapter 4, 
1997. 

7. USDA, Natural Resources Conservation Service, Paguatc-Jackpile Mine 1998 
Vegetative Inventory [Production Surveys], 1998 

8. USDA, Natural Resources Conservation Service, Vegetation Inventory, 
Production Surveys, August 16, 2000. 

9. USDA, Natural Resources Conservation Service, Vegetation Inventory, 
Production Surveys, September 7, 2006 

10. Cedar Creek Associates, Inc. & S. Lynn Bamberg, LLC, "2006 Vegetation 
Monitoring, Jackpile Paguate Reclamation Project", November 2006. 

Reclamation and revegetation techniques were first tested by the Anaconda Mining 
Company (AM C) starting in 1976 on a mining waste pile of 50 acres, and continued on 
II additional waste piles in 1977, 1979, and 1980-1981 (Weston, 1991). The techniques 
AMC tested included the development topsoiling procedures based on soils analysis, seed 
mixtures, fertilization, and straw mulching. The results of the revegetation testing 
showed abundant vegetation on some waste piles and poor results on others. 

There was no site activity fi·om 1982 to 1989. Final reclamation of the entire mine site 
started in 1990, and was completed at the end of I 996. The I 0-year ROD complia~ce 
monitoring requirement for vegetation started in January 1996, and was completed in 
November 2006. 

The basic reclamation techniques used in the final reclamation from 1990-1996 were to 
fill in the pits with protore and mine wastes, slope and grade areas to be reclaimed, cover 

OA Systems Corporation 2 June 2007 



05000136

Jackpile-Paguate Uranium .Mine 
Record of Decision Compliance Assessment 

Post-fleflg_IJHJlioJ.L.J5.e-vef@!ation..3..?L(.9.f:§~dJ.J.S:dJ!iill: 

with up to 24 inches of topsoil, fertilize and seed the prepared surfaces. Site stability and 
erosion was controlled by sloping and armoring waste clumps and pit slopes. 

3.0 REQUIREMENTS OF THE ROD AND EIS 

Several of the requirements of the ROD and EIS address the revegetation and topsoiling 
procedures to be follovved, the monitoring period, and success criteria for vegetation. 
Revegetation methods are given in Section 9 of the ROD, and state that: 

• Topsoil (Tres Hcrmanos sandstone) will be placed in the pit bottoms, waste piles, 
and other areas of the mine, 

• Surface preparation using fertilizer, discing, and contour furrowing, 
• Seeding and seed mixtures consisting of native plant species compatible with 

post-mining grazing and local environmental, and 
• Plant establishment will be considered successful when revegetated areas reach 

90% of the density, frequency, foliar cover, basal cover, and production of 
undisturbed reference areas (but not sooner than I 0 years following seeding). 

The monitoring period JCn· vegetation success was therefore established to be I 0 years 
with the fi·equcncy and type of monitoring surveys not specified. Table 1-5 in the EIS 
specifies annual monitoring on pit bottoms, waste dumps, and reference areas for density, 
frequency, foliar cover, basal cover, and production using a Community Structure 
Analysis (CSA) method. The proposed monitoring program is presented in Table 3-l. 

Table 3-1 
Proposed Vegetation Monitoring Program in the EIS (DOI~. 1986) 

Several interim documents deal with the sampling type and fi·equency, and success 
criteria for vegetation. The monitoring plan proposed by Jacobs Engineering (Jacobs 
1989), describes a program of vegetation surveys that presents methodology and 
fi·equency of sampling that is virtually identical to the ROD and EIS requirements. The 
Soils and Vegetation Evaluation for Final Reclamation, Jackpile Reclamation Project 
(Landmark/Weston 1991) suggests a single set of vegetation standards was needed rather 
than using multiple reference areas, and presents a vegetation ranking system to 
determine monitoring and successful release for post-mining land uses. The specific 
criteria are an average of values fromliteratufe and surveys on and adjacent to, the 
Jackpile mine. The monitoring report for interim reclamation success (Munk and Boden, 
1996) states that the use of reference areas as a reclamation standard is complicated by 
the lack of a model reference with ideal site characteristics. The report also states, " ... the 
reclamation success is obscured by these simple single parameter statistical comparisons 
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because of dif/erences in the vegetative composition among the reclaimed and re/erence 
areas.~' 

4.0 VEGETATION PARAMETERS MONITORED AND METHODS 

Most of the required vegetation parameters were monitored during the three periods 
referenced below. 

1. In October 1990 (Weston 1991) both reclaimed mine areas and undisturbed 
reference areas were surveyed for foliar cover, basal cover, frequency, density and 
production. Vegetative data was collected using line intercept and the quadrat 
methods at twelve locations on and off the site. 

2. In September/October 1996 (Munk and Boden 1996), the reclaimed mine sites 
were surveyed for vegetation in the North and South Paguate pits and two 
reference areas for all the required parameters. Plant production was for perennial 
grasses only, without shrubs or forbs. They monitored a total of 40 plots in three 
pits, and 30 plots in the two reference areas using a transect/quadrat system. 

3. In November 2006 (Cedar Creek, 2006) the North and South Paguate Pits were 
surveyed f()l' vegetation for foliar cover and plant production using a 
transect/production plot method. After an initial reconnaissance of the entire pit 
area, three representative "sites" were selected. At each of the three sites, five 
cover transects were sampled in a spoke-like manner radi8ting from the center of 
the site and five production samples were placed at the end of each transect. In 
addition, a qualitative rating of six specific parameters (wind erosion, water 
erosion, soil crust, plant vigor, seedlings, and seed reproduction) was conducted 
along each transect. The final evaluation at each site was a qualitative assessment 
of the rangeland health using indicators and rating categories developed by the 
Natural Resource Conservation Service (NRCS). 

In order to determine trends in vegetation progress the NRCS (NRCS 1998, 2000, 2006) 
sampled the vegetation for plant production at various locations in the pit bottoms. The 
vegetation was sampled using a clipped quadrat and estimation method to determine 
pounds per acre of current production. 

5.0 RESULTS 

The) results of the monitoring indicate that the revegetation across the reclaimed mine 
areas has been successful based on the criteria developed by Landmark/Weston after the 
monitoring of 1990. After the monitoring of 1990, Landmark/Weston determined that 
basal area data were inconsistent, and of little comparative value. The performance 
criteria in the ROD are not applicable to the Jackpile reclaimed lands, since no 
comparable reference areas area available. The other values of cover, density, and 
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production varied greatly depending on the year and area surveyed. It was recommended 
that the specific vegetation ranking criteria be developed based on acceptable values 
rather than specific reference sites. Using these criteria, the report stated "All of the 
reclaimed sires except one (vegetation survey site V-4) could be released for post
reclamation/and uses wirhoutfurlher monitoring." The 1991 report also suggested that 
monitoring frequency be determined by the ranking based on acceptable vegetation 
criteria presented in Table 3 .6. The NRCS methodology document (NRCS 1997) 
described trends and rangeland ecological health attributes, but provided no health rating 
system. 

The vegetation ranking criteria proposed in Tables 3.5, 3.6 and 5.6 from the 
Landmark/Weston 1991 report has been combined for this report and is presented in 
Table 5-1 below. As proposed in Table 5.6 of the Landmark/Weston 1991 report, and 
shown in the right hand column in Table 5-l below, final release of the vegetation 
requirement could be made if, after I 0 years, the composite vegetation ranking was good 
to excellent and the trend was stable. 

Table 5-1 
Specific V cgctation Ranking Criteria for Reclaimed Land, 
Composite Ranking Value and Monitoring Requirements 

(compiled from Tables 3.5, 3.6 and 5.6- Landmark/Weston 1991) 

-----
Specific Ranking Foliar nasal Product 

(lbs/ac 

·---~-;------ --------
ion* No. of Composite Final 

Release Vegetation Value CoYer* Cover* re) 
Rankin J ___ill)_ o;;~) 

Excellent 10 2: 18.0 2:80 :0: 100 0 

---- -
Very good 8 2: 14.0 2: 7.0 2: 750 

-· 
Good 6 ::: 12.0 2: 6.0 2: 650 

---·· +----:--·- -· ·----------i--------+----:-= 
Fair 4 ?. 10.0 I :> 4.0 :::450 

J;;;~J.C- ~ ~-- ~{~- J=-*==~~~;~~ --

*Based on desirable species of grass 

Species Ranking 
Present* Value 

[--'----'--- . X" :0:36 4 

4 28 <;X< 36 

·----------
3 20 <;X< 28 

--
12:Sx<20 2 

I 4 <X< 12 
I x<4 

Af tcr 10 
ars ._ye ----

Aft er 10 
ye 
sta 

ars, and 
ble or 
lining 
nd 

inc 
tre 
Aft er 10 
yea rs, and 

ble trend 
t allowed 
t allowed 
t allowed 

sta 
No 
No 
No 

bX is equal to the summation of specific ranking values assigned to the four criteria in Table 3.4. 

Data from the detailed monitoring reports in 1990 (Landmark/Weston 1991), 1996 
(Munk and Boden 1996), 2006 (Cedar Creek 2006) and NRCS (1998, 2000, 2006) show 
a consistent inclining trend and pattern of good to excellent plant communities and 
vegetation based on cover, diversity, density, and plant production. 

Data from the Landmark/Weston 1991, Munk and Boden 1996, Cedar Creek 2006 and 
NRCS 1998, 2000, 2006 reports is summarized below in Table 5-2. 
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Table 5-2 
Results of the V cgctation Monitoring, Pit Bottoms 

~Yea·~- 'Ref. I Foliar Basal 'Diversity-- De;;sity ---Production--

-~~ "0~ ~ov~..:_;Y~ #/niQL-- #In{_ -co- _!~~:'·.::c . .-c~-i 
-, 1.1';1_~ rJ_~ef Mine Ref Mine j_~ Mine_ I<,cf Mine Ref .. 
_!_?90 I -148.4 25L __ II.9 9.9 9.2 14.8 30.3 59.5 ·t043 2 1343 
rJ_996 2 42.6 ]0.4 6.4 7.4 10.0 11.0 -2i[Q__ _31l___;;'Q;l__ '328 . 

1998 3 - .: - .: .. 17.0 -~-=--- _-_ _jl!4 __ 573 __ 
2000 3 - - - - 11.0 - - - ''523 -
-~ 3 . . -- - tc\-o---: - . -,938 . 

2Q_~_4___j_49.4 . . . 13,()___~ L....... - '825'--+-_---i 
IJ~cf'ercnces: 1-Wcston 1991: 2- Munk and Boden 1996: 3- NRCS I 998, 2000, 2006: 4- Cedar Creek 2006 
2pcrennin! grasses only, wet weight 
'Numbers of species recorded per plot, also called species richness 
4Total vegetative production. dry weight 

Information provided in the 1990, 1996 and 2006 monitoring reports consistently 
indicated that vegetation on the reclaimed mine areas could be considered successful in 
meeting the primary goals of landscape stability, productivity, and well established plant 
communities. According to the cover and productivity, two of the important parameters 
for determining vegetation trends, the reclaimed mine areas showed good to excellent 
vegetation from 1990 until late 2006. Frequency (percentage that a plant species occurs 
in sample plots) was not a good measure of plant success; however, diversity of the 
reclaimed plots surveyed was as good, or better, than the natural vegetation indicating 
good vegetation structure. Plant production varied greatly between years measured due 
to differences in timing and amounts of rainfall. The years from 1999 to 2005 were 
drought years in this region with poor plant growth. 

The 1996 monitoring activities were conducted, and the monitoring report prepared 
(M unk and Boden 1996), at the end of the active reclamation program during a season of 
good rainfall. The results of this interim monitoring indicate that, "in general, 
reclamation in the pit bottoms can be considered successful in meeting the goals of 
landscape stability, productivity, and containment of the pro/ore." (Munk and Boden 
1996). The reclaimed areas did not meet the strict numerical standards of the ROD 
requirements, but had vigorous and productive plant communities 1vith desirable 
perennial grasses and shrubs. There were less desirable annual grasses in the reference 
areas due to past grazing and land use practices. 

Monitoring activities in the 2006 monitoring report (Cedar Creek 2006), in addition to 
assessing cover and productivity, followed suggested protocol based on NRCS methods 
for evaluating and rating ecological sites for health and stability in Chapter 4 of the 
National Range and Pasture Handbook for inventorying and monitoring land resources. 
The sampling and monitoring results compared these naturalized plant communities (on 
the reclaimed mine site) to the desired plant community based on the reclamation and 
revegetation techniques (grading, topographic and water control, and seed mix) used on 
the .lackpile mine. The trends and ecological health of the plant communities, and other 
physical attributes, showed excellent balance and sustainability of the reclaimed areas for 
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physical structure (topography, soils), hydrology (streams, runoff, watersheds, pools, 
springs and seeps), and ecology (vegetation, animals, and habitats). 

In summary, plant productivity surveys conducted by NRCS (NRCS 1998, 2000, and 
2006) confirmed the stability and trend in the vegetation on reclaimed areas. Productivity 
of the vegetation was consistent and was influenced by the local weather patterns. For 
example, productivity was lower in the drought year of 2000, but had recovered and was 
very productive in 2006. The summer and fall of 2006 had abundant and well-spaced 
rains and the vegetation responded with good productivity. Perennial grasses were tall 
and produced abundant seed. Vegetation and surface stability was observed in early fall 
after a record amount of rainfall during the "monsoon" season in mid to late summer. 
There was excellent growth and productivity of the vegetation due to the abundant soil 
moisture. There was a diversity of desirable perennial grasses, shrubs, and forbs in the 
pits, side slopes, and level areas that formed stable vegetation communities. Some minor 
surface gullies formed, which were repaired, and had started revegetating naturally from 
the abundant seed bank in the soils. Some low depressions in the filled mine pits still had 
standing water from runoJ1; 

6.0 DISCUSSION OF RESULTS 

The results of the vegetation monitoring show good to excellent plant communities with 
total foliar cover values of 43-50%; according to Landmark/Weston (1991) regional 
values are 10.3% to 26.5%, so the cover values far exceed the 90% specified in the ROD; 
and plant production of 523-104 3 lbs/ac on the reclaimed areas. The trends in vegetation 
are stable for plant diversity and health. The reclaimed mine areas can be considered 
successfully revegetated based on the available monitoring data. The reclaimed mine has 
a stable and self-sustaining diverse ecosystems with very good to excellent vegetative 
cover and productivity of desirable plant species, and good habitat for local wildlife. 
There are no comparable reference sites for determining the success standards of these 
ecosystems as required by the ROD. However, not meeting the ROD requirements is 
acceptable because there are no suitable or comparable reference sites available. It 
should be noted, however, that the ROD has been more than adequately met. The 
recommendations of the monitoring reports and this summary arc that the mine has 
successful vegetation based on plant cover, production and other criteria of stability and 
sustainabili ty. 

The reclaimed mme can be released from the I 0-year monitoring period based on 
revegetation success. Post-reclamation land uses can be instituted based on future 
management decisions. These land uses were listed in the ROD as grazing, light 
manufacturing, office space, mining, and major equipment stqrage. There was concern 
expressed by allowing livestock grazing in the pit bottoms because of potential uptake of 
metals and radionuclides. This is discussed in the plant uptake evaluation (OA Systems 
Corporation, Jackpile-Pagua/e Uranium Mine Record of Decision Compliance 
Assessment, Appendix A, 2007). 

OA Systems Corporation 7 
-~-~-----------::-

June 2007 



05000141

Jackpile-Paguate ()ranium Mine 
Record t~fDecision Compliance Assessment 

____ _f_pst-ReclamatiQ/JJ. .. Fe-veeetation Success Analvsis 

6.1 Data Condition 

The available data from the vegetation surveys were evaluated for applicability to the 
revegetation monitoring. The sampling periods were adjusted based on vegetative 
growth and drought years. An evaluation of the concurrent and post reclamation 
vegetation monitoring data is presented in Table 6-1. The lack of vegetation monitoring 
during the period of 2000 until fall of 2006 was the most significant problem. 

Table 6-1 
Evaluation of Concurrent and Post Reclamation Vegetation Monitoring Data 

Positives 

• Reports \\'ere clear and concise. 
• Survey methods were adequately 

explained. 
• Reports were consistent for vegetation 

success 
• Protocol for determining ecological health 

and stability were positive. 
• Overall, vegetation was good to excellent 

over the entire mine site. 

• Procedures for reestablishing vegetation 
were followed and produced good results. 

6.2 Vegetation Conditions 

Negatives 

• 

0 

• 

• 

• 

Not all vegetation parameters were 
measured during each period . 
Methods were not standardized for yearly 
com pan sons . 
Vegetative trends were inferred from 
incomplete surveys . 
Several years from 1996 to 2006 had no 
data or surveys . 
Not all parameters suggested by the 
Environmental Monitoring program were 
analyzed for each year 

Overall, revegetation in the pit bottoms and slopes that were sampled was excellent and 
especially robust in the above-average precipitation year 2006. The blue grama seed 
heads were nearly hip high, and other grasses were tall and produced an excellent seed 
crop. Plant diversity vvithin the revegetation was better than expected given the seed 
mixtures used or 7-9 species, however 72 plant species (Munk and Boden, 1996) were 
noted in the reclaimed areas mostly fi·om natural seed dispersal processes. With the 
exception of low forb species and Jack of biological crusts, all the rangeland health 
indicators were rated as having little or no departure from the ecological site descriptions. 
With respect to the key qualitative parameters, all were rated in the highest or next-to 
highest category except for soil crusts (Cedar Creek 2006). Soil crusts arc more common 
with longer soil development. 

The reclaimed vegetation is a grassland/shrub community dominated by native grass 
species, and a sub-component of shrubs. Grasses are dominant in most areas followed by 
forbs and shrubs. Tile pit bottoms had two types of vegetation: 1) drier sites in these 
areas had dominant taxa of blue grama (Bouteloua gracilis), side-oats grama (Bouteloua 
curtipendula), four-wing saltbush (Airiplex canescens), and alkali sacaton (Sporoboius 
airoides) with 27.1 %, 12. 7%, 9.1 %, and 3.5% cover, respectively; and 2) in moist areas 
the dominant taxa were alkali sacaton, four-wing saltbush, galleta (Hilariajamesii), and 
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blue grama with 22.5%, 3.8%, 2.2%, and 1.5% cover, respectively. Slopes and tops of 
reclaimed areas have different dominant species in addition to blue grama and galleta 
with side-oats grama, Indian riccgrass, and yellow sweet clover dominant in some areas. 
Vegetation on reclaimed sites is diverse, vigorous, and well established. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on this vegetation review, the following conclusions can be drawn: 

I. The Jackpile Reclamation Project post reclamation vegetation monitoring 
program deviated from the requirement of the Record of Decision. This was due 
to modifications in determining vegetative success that was the result of a 
prolonged drought, as documented in local reports. The monitoring met the intent 
of the ROD in determining vegetation success, in that the mine was very 
successfully rcvegetated based on important vegetation parameters of cover and 
productivity. The revegetation results did not meet the strict numerical standards 
of the ROD, but there were vigorous and productive plant communities with 
desirable perennial grasses and shrubs throughout. 

2. As presented in Table 5-l, and discussed in Section 6.2, the condition of post
reclamation vegetation is very good to excellent, and the reclaimed mine has 
stable and self~sustaining diverse ecosystems, and good habitat for local wildlife. 

3. Trends in vegetation are stable for plant diversity and health. 
4. The reclaimed mine can be released from the I 0-year monitoring period based on 

revegetation success. 
5. Some minor surface gullies formed from record rainfall in 2006 that were repaired 

and revegetated naturally from the abundant seed bank in the soils. 
6. There are no hazards to human health and safety fi"om the current vegetation 

conditions on the reclaimed mine. The potential for hazards to livestock is 
discussed in the plant uptake evaluation (OA Systems Corporation, .Jackpile
Paguate Uranium Mine Record of Decision Compliance Assessment, Appendix 
A, 2007). 

Based on these conclusions, the following recommendations can be made: 

l. Vegetation on the reclaimed mine is currently stable and successful. 
2. The I 0-year monitoring period appears to be sufficient to assess the revegetation 

and future formal monitoring does not appear to be warranted. 
3. Management practices should consider the entire mine site as a resource unit and 

develop a future management plan along with other units on the Pueblo of 
Laguna. Future access, roads, and fences should be designed for the management 
unit. 

4. Surface water management plans may need to review the surface runoff options 
for controlling rills and erosion as it relates to vegetation. Water is concentrated 
off the faces of the reclaimed waste dumps into long contours that need to be 
reduced in length. Runoff and water drainage on the reclaimed surfaces should be 

-------- ---------,c---~---~---·-------
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allowed to develop channels that will not need to be managed or repaired in the 
future. 

5. Ponds and wetlands are developing in some of the depressions of the mine pits, 
and are a desirable and productive type ecosystem that should be retained. 
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2006 Vegetation Monitoring 

Jackpile Paguate Reclamation Project 

Cedar Creek Associates, 

November 2006 

1.0 Introduction 

The Jackpile Paguate reclaimed mine was monitored for vegetation success during November 

2006 for the 1 0-year monitoring requirement according to the Record of Decision (ROD 1986). 

This vegetation monitoring event was conducted by Cedar Creek Associates, Inc. using standard 

and up-to-date methodology. 

The two pits in the South Pit area (SP-34 and SP-35) and the one pit in the North Pit area (NP-20) 

were sampled. The Jackpile Pit was sampled in September 2006 for production by NRCS. Three 

sites within each pit were selected for sampling. The SP-35 pit had developed three fairly distinct 

communities and one sampling site was placed in each of these. The SP-34 pit was fairly 

homogeneous (besides the ponds I wet areas) and the sites were equidistantly placed. The NP-2.0 

pit exhibited two communities I soil types, and two sites were located in the larger galleta 

community while one was placed in the smaller rockier soil area. At each site, five representative 

cover transects and production quadrats were placed in the area. The six specific parameter were 

rated at each cover transect and then the 18 NRCS rangeland heath indicators were estimated for 

the entire site area. 

All the specific parameter ratings, NRCS ratings, cover data summary, production data summary, 

and notes for each site were organized onto Excel worksheets (Jackpilc Qualitative, which are 

available on a CD upon request.). Other summary cover tables and charts, as well as raw data 

tables arc on two files (Jackpile Cover and Jackpile Prod, available on CD). Landscape and 

ground photographs of each sample site, as well as overview shots of the pits are provided 

individually and in a four-per-page presentation format (also available on CD upon request). A 

map of each of the pits with sample site locations and miscellaneous notes are provided in a JPEG 

format. The follo,Jing presents the methodology for the cover and production portions of this 

evaluation as well as a brief synopsis of each pit area. 

Overall, the revegetation effort in the pit bottoms that were sampled was excellent and especially 

robust in this above-average precipitation year. It was difficult to find any major faults with the 
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reclamation effort, except that plant diversity within the revegetation was lower than expected 

given the seed mixes used. With the exception of low forb diversity and lack of biological crusts, 

all the rangeland health indicators were rated as excellent and having little or no depar1ure from 

the ecological site descriptions. With respect to the key qualitative parameters, all were rated in 

the highest or next-to highest category except for soil crusts. 

2.0 Methodology for Quantitative and Qualitative Vegetation Sampling 

2.1 Sample Site Selection and Evaluations 

The sample layout protocol for revegetation evaluations in 2006 largely followed procedures 

developed by Cedar Creek Associates, Inc. to provide representative and cost-effective data for 

evaluation of revegetation. Afler an initial reconnaissance of the entire pit area, three 

representative "sites" were selected (see Maps l-3). Placement of these sites took into account 

factors such as dominant vegetation, topography, distance from other sites, and different seed 

mixes and/or years. At each site, five cover transects were sampled in a spoke-like manner 

radiating from the center of the site and Jive production samples were placed at the end of each 

transect (Note: Figure 1 shows the production quadrat at the beginning of each transect). In 

addition, a qualitative rating of six specific parameters (wind erosion, water erosion, soil crust, 

plant vigor, seedlings, and seed reproduction) was conducted along each transect. The final 

evaluation at each site involved a qualitative assessment of the rangelandlwalth using indicators 

and rating categories developed by the National Resources Conservation Service (NRCS). 

2.2 Determination of Ground Cover 

Ground cover at each sample point was determined utilizing the point-intercept methodology as 

illustrated on Figure 1. As indicated on this figure, Cedar Creek utilizes new state-of-the-art 

instrumentation it has pioneered to facilitate much more rapid and accurate collection of data. A 

transect of 10 meters length was extended in the direction of the next sampling location from the 

flagged center of each systematically located sample point. At each one-meter interval along the 

transect, a "laser point bar" was situated parallel to, and approximately 4.5 to 5.0 feet vertically 

above the ground surface. A set of I 0 readings was recorded as to hits on vegetation (by species), 

litter, rock (>2mm), or bare soil. Hits were determined at each meter interval by activating a 

battery of 10 low-energy specialized lasers** situated along the bar at I 0 centimeter intervals and 

*' Lasers utilized for this instrument are state-of-the-art and are a specialized design to emit a unique 
electro-magnetic wavelength visible under full sunlight, a condition previously not possible with portable 
low-energy lasers. 
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recording the variable intercepted by each of the narrowly focused (0.02") beams (see Figure I). 

In this manner, a total of I 00 intercepts per transect were recorded resulting in I percent cover per 

intercept. This methodology and instrumentation facilitates the collection of the most unbiased, 

repeatable, and precise ground cover data possible. 

2,3 Determination of Current Annual Production 

At the end of each cover transect, current annual production was collected from a 1
/ 2 m

2 quadrat 

frame placed one meter and 900 to the right (clockwise) of the ground cover transect to facilitate 

avoidance of vegetation trampled by investigators during sample site location (see Figure 1). 

From within each quadrat, all above ground current annual vegetation within the vertical 

boundaries of the frame were clipped and bagged separately by life form as follows: 

Perennial Grass Perennial Forb 

Annual Grass Annual Forb 

Shrub Sub-shrub 

In addition, the percentage of warm-season grasses that made up the perennial grass total was 

estimated to the nearest 5%. All production samples were weighed in the field (wet weights) and 

then returned to the lab for drying and weighing. Samples were air-dried until a stable weight 

was achieved (7 days). Samples were then re-weighed to the nearest 0.1 gram. 

2.4 Sample Adequacy Det~nnination 

Fifteen cover samples within each pit area were collected (five from each site). From these 

preliminary efforts, sample means and standard deviations for total non-overlapping vegetation 

ground cover were calculated. For non-monitoring applications, the typical procedure is that 

sampling continues until an adequate sample, nmju, has been collected in accordance with the 

Cochran formula (below) for determining sample adequacy, whereby the population is estimated 

to within 10% of the true mean (f!) with 90% confidence. 

When the inequality (lim in :5 n) is true, sampling is deemed adequate: and lim in is determined as 

follows: 
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where: n = the number of actual samples collected (initial size= I 5 or 20) 

t = the value from the two-tailed t distribution for 90% confidence with 
n-1 degrees of fi·ccdom; 

s 2 =the variance of the estimate as calculated !1-om the initial samples; 

:X =the mean of the estimate as calculated from the initial samples. 

If the initial samples do not provide a suitable estimate of the mean (i.e., the inequality is false), 

additional samples would be collected until the inequality (llmin :<:: n) becomes true. However, 

because sampling is for managerial (monitoring) information, adequacy is not necessary and is 

calculated for informational purposes only. 

2.5 NRCS Rangeland Health 

This suggested protocol is based on NRCS methods for evaluating and rating ecological sites for 

health and stability as given in Chapter 4 of the National Range and Pasture Handbook for 

inventorying and monitoring land resources. Sampling and monitoring results will be used to 

compare these naturalized plant communities (on the reclaimed mine site) to the desired plant 

community based on the reclamation and revegetation techniques (grading, topographic and water 

control, and seed mix) used on the Jackpilc mine. Trends and ecological health of the plant 

communities and other physical attributes will be used to determine balance and sustainability of 

the reclaimed areas. The NRCS also mentions history (when reclaimed) and yearly or other 

monitoring results to determine trends 

The characterization of the reclaimed site has three basic parameters: 

Physical structure- topography, soils 

Hydrology - streams, runoff; watersheds, pools, springs and seeps 

Ecology- vegetation, animals, and habitats. 

To determine ecological health and stability, NRCS uses the following attributes 

I. Rills 

2. Gullies 

3. Water flow patterns, channels, 1streams 

4. Wind erosion 

5. Bare soil 

6. Soil pedestals 
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7. Soil surface features 

8. Cryptobiotic crusts 

9. Water infiltration and runoff 

I 0. Plant species composition 

II. Functional plant groups- life forms, seasonality, layering 

12. Annual productivity and total biomass 

13. Plant vigor 

14. Recruitment, reproduction, seed production, seedlings 

15. Plant mortality 

I 6. Plant stress 

17. Litter and plant residues 

18. Invasive species (exotics, aliens, "weeds", noxious) 

in addition to ground cover and annual production, the follo\ving parameters can be measured or 

estimated using a plotless technique: 

plant species composition to determine functional groups and layering (list all plant 

species observed in the area. 

wind and water erosion (on a scale: !=severe, to 5o'nonc) 

soil crusts (scale: I =none, S=good microbiotic crust) 

plant vigor/stress (scale: !=stressed, some mortality, to S=vigorous) 

seed or propaguJes production, seedlings (scale ]''none, to 5''CXCellent 

seeds/reproduction) 

3.0 Results of the Monitoring 

Overall, the revegetation effort in the pit bottoms that were sampled was excellent and especially 

robust in this above-average precipitation year (the blue grama seedhcads were nearly hip high). 

It was difficult to find any major faults with the reclamation effort besides the obvious high water 

table/ponding issues and Jack of any biological crusts. During these late fall surveys the plant 

diversity within the revegetation was low and forbs were not observed. Grass diversity decreased 
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as the water table neared the surface (the wetter and more alkaline locations). Nearly all soil 

surfaces in the pit exhibited varying degrees of "plate" formation which is typically associated 

with drying mudflats. It appears that nearly all of these pit bottoms experienced standing water 

for some period of time this past monsoon season. Most vegetation seems to have withstood this 

inundation and benefited, but some saltbush and snakeweed may have died. It was difficult to tell 

whether many of these plants were decadent, senescent or dead. This was especially hard at 

sample site #2 in the SP-35 pit. 

The SP-34 Pit was sampled with 15 transects in 2006 and is exhibiting excellent revegetation. 

Perusal of Table 3.1 indicates that the total cover in this area was 58.1% with an average 

perennial cover of 57.5%. Dominant taxa in this area were blue grama (Bouteloua gracilis), side

oats grama (Bouteloua curtipendula), four-wing saltbush (A triplex canescens), and alkali sacaton 

(Sporobolus airoides) with 27 .I%, 12. 7%, 9.1 %, and 3.5% cover, respectively. Air-dry 

production averaged 923 pounds per acre with warm-season grasses averaging 723 pounds per 

acre and shrubs averaging 194 pounds per acre. The three sample sites were very similar with 

respect to cover and production with only slight variations in plant composition, bare ground and 

litter values. With the exception of low forb diversity and lack of biological crusts, all the 

rangeland health indicators were rated as having little or no departure fi·mn the ecological site 

descriptions. With respect to the key qualitative parameters, all were rated in the highest or next

to highest category except for soil crusts. 

~~--·--·--------~~---·-~--------

Table 3-1. Results of the Vegetation Monitoring at the Jackpile Min~~~-~~1~:~·~~·~6-1 

Plant Canopy Cover- % 

-~ I South Pit- SP-34 

--~-~ 

South Pit- SP3 5 North I 'it- 01'20 
·-- .. 

Total Plant Cov er 58.13 34.33 55.67 
·-·-------~------

Rock 1.27 0.07 3.80 
-----~- ~~~-· 

Litter 12.93 17.13 13.47 
-
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--
I 

·----

49.47 1 27.07 
----··-··-~---

,---------------, 
Bare gtotmd I 27.67 I 

i-------

Plant Production- lbs /acre (air dry) 
-----------··---.----------T -- -~·T---------------

South Pit- SP-34 So uth Pit- SP3 5 North Pit-· OP20 

Perennial Grass 722.78 466.07 783.81 

,..---------+---·---+-
Annual Forbs 12.14 7.61 28.84 

f--------+-----------+-- --

Subshrubs 0.00 0.00 65.05 
-----····-

Shrubs 193.74 77.68 122.95 
----------· ----------·---

TOTALS 923 551 1002 
~--~-··-~--------~------- -· 

The SP-35 Pit was sampled with 15 transects in 2006 and is exhibiting very good revegetation. 

Perusal of Table 11 indicates that the total cover in this area was 34.3% with an average perennial 

cover of 33.3%. Dominant taxa in this area were alkali sacaton, four-wing saltbush, galleta 

(Hilariajamesii), and blue grama with 22.5%, 3.8%, 2.2%, and 1.5% cover, respectively. Air-dry 

production averaged 551 pounds per acre with warm-season grasses averaging 466 pounds per 

acre and shrubs averaging 77 pounds per acre. Three vegetation communities were apparent 

within the pit bottom with transitional ecotypes between each one (see Map 2). Along the eastern 

edge of the pit, deposition from the reclaimed slopes has produced a slightly sloped narrow strip 

of land where many of the more xeric seeded species arc prevalent. This is the only site in this 

evaluation where any soil movement was observed. The second site within this pit was located in 

the central portion where four-wing saltbush and alkali sacaton dominate. This area is wetter and 

lacking in any grama species. As noted earlier, four-wing saltbush and snakewced are mainly 

decadent and/or dead here, perhaps from too much standing water or for too long. The third 

community and site is located in a seasonally wet meadow that is dominated almost entirely by 

alkali sacaton. Cover and production values are lowest at this site. Rangeland health and key 

qualitative parameters are overwhelmingly positive at these three sites with a few exceptions (see 

Tables 4-6 for details). 
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The NP-20 Pit was sampled with I 5 transects in 2006 and is exhibiting excellent revegetation. 

Perusal of Table 12 indicates that the total cover in this area was 55.7% with an average perennial 

cover of 5 1.5%. Dominant taxa in this area were gall eta, snakewced (Gutierrezia sarothrae), 

side-oats grama, yellow swectclover (Melilotus officina/is), blue grama, and four-wing saltbush 

with 30.9%, 5.7%, 4.7%, 4.0%, 3.9%, and 3.3% cover, respectively. Air-dry production averaged 

1,002 pounds per acre with warm-season grasses averaging 783 pounds per acre, sub-shrubs 65 

pounds, and shrubs averaging 123 pounds per acre. The first two sample sites were very similar 

with respect to cover and production with only slight variations in plant composition, bare ground 

and litter values. Sample site #3 was located in the eastern third of the pit and apparently 

received a different growth medium than the rest of the pit. It appears that native topsoil was 

used due to the quantity and diversity of native taxa observed. In addition, the soil was rockier 

and little to no "shrink-swell" plates were noted (possibly due to elevated organic matter typical 

of topsoils). With the exception of low plant diversity, lack of seedlings, and no biological crusts, 

all the rangeland health indicators were rated as having little or no departure from the ecological 

site descriptions. With respect to the key qualitative parameters, all were rated in the highest or 

next-to highest category except for soil crusts. 

4-0 Summary 

Plant communities surveyed in the pit bottoms were vigorous and \vel! established~ and the 
rangeland health indicators were rated as having little or no departure from the ecological site 

descriptions. Plant cover and productivity in this year of abundant rain were high at 34 to 58% 

cover, and 551 to I 002 lbs per acre. 
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1.0 INTRODUCTION 

Jackpile-Paguate L'ranium P,.fine 
Record of Decision Compliance Assessment 

--~---)l.Q§.1:Jlr;;s!amaliQ1JJ~(igJJ.Jl!L(l_]?,QfiiatiQ!L/ir. Radon Gas AnaJ.x.·(if:I 

This report presents an evaluation of gamma radiation and radon gas surveys conducted 
for the reclaimed .lack pile-Paguate Uranium Mine. 

The objectives of this report are to: 
l. Determine if the post-reclamation monitoring for gamma radiation and radon gas 

monitoring met the requirements in the Jackpilc-Paguate Reclamation Project 
Record of Decision (ROD) (DOl, 1986) as defined in Table 1-5 of the 
Environmental Impact Statement (EIS) (DOl, 1986) 

2. Review the survey reports and concentrations measured for compliance with the 
requirements of the ROD. 

3. Make recommendations for future monitoring programs and management 
practices to ensure that the current reclamation status poses no hazards to the 
environment or human health. 

The following presents an overview of the survey procedures, the results of monitoring of 
gamma radiation and radon gas, and the basis for making decisions on the mine 
reclamation and future land use status. 

2.0 BACKGROUND 

The EIS presented several reclamation actiVIlles and proposed treatments that were 
designed to reduce the potential for release and exposure to gamma radiation and radon 
gas. The activities and treatments were carried out during active reclamation and 
included: 

I. Moving stockpiled protore (Jackpile Sandstone) into the pits and covering with 
overburden (Mancos Shale) and topsoil (Tres I!ennanos Sandstone) before 
revegetation. 

2. Covering exposed surfaces of Jackpile Sandstone on waste clumps with shale 
overburden and topsoil. 

3. Clearing and moving contaminated materials from facilities, roads, rail spur, and 
disturbed sites; and topsoiling all disturbed sites (old roads, etc.) before 
reclamation. 

4. Stabilizing waste dumps at 3: I slopes, moving some dumps from drainages, and 
reducing pit high walls. 

5. Pits were to remain as closed basins and fenced to prevent access of domestic 
cattle and human ently. 

This haluation used the following reports and monitoring results: 

1. Jacobs Engineering Group, Jackpile Project Environmental Monitoring Plan, 
Final, 1989. 

2. U.S. Department of the Interior (DOl), Final .Jackpi/e-Paguate -- Uranium Mine 
Reclamation Project Environmental impact Statement, Vol. I, 1986. 

OA Systems Corporation June 2007 
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3. U.S. Department of the Interior (DOl), Bureau of Land Management, 
Memorandum to Bureau of Indian Affairs (BIA), Subject: Radiological 
Monitoring, .Jackpi/e Reclamation Project, May 20, 1994. 

4. Pueblo of Laguna, Reclamation Project Manager, ".Jackpile Reclamation Project, 
Pueblo ofLaguna, New Mexico", Annual Report, 1996 

5. Gamma and radon measurements in data sheets (Excel or PDF) for field surveys 
1990 to 1996 

Monitoring for gamma radiation and radon gas started with active reclamation activities 
in 1990 and continued until 1997 at the completion of reclamation. 

3.0 REQUIREMENTS OF THE ROD AND EIS 

Requirements of the ROD and EIS for monitoring gamma radiation and radon gas were 
specified in Table 1-5 in the EIS. The proposed monitoring program is presented as 
Table 3-1 below. 

Radon G 

Table 3-1 
Proposed Gamma Hadiation and Hadon Gas 
Monitoring Program in the EIS (DOI 1, 1986) 

--~---------- -----~------

-------- ----- ----
Stations Each waste dum 

·--···-----

-----,---------... 
p m~~~£l~cted reclaimed areas 

As needed 
bdiation ~!-~-~~L. . ··-· 

Parameters GrOl_l_!.!.d survey 
c--;-;- -------· 

r.!_l~s final aerl?J. su~ycx_ ··---· 
------Duration Before ~ceding a nd_t_?!_~~c after reclamation is coJ~_lete:._ ____ _ 

Stations 5 r::---
_ Monthl)'____ as f-"_freqt~ 

Parameters . Rn-222 (!>Ci!L) 

-----·--------------

-------· 
Duration A minimum of 3 yc~rs following reclamation: 

The specified limit for gamma radiation levels following reclamation was twice the 
background level of 14 micro Roentgens per hour (14J-LR/hr). The specified limit for 
radon gas levels after reclamation was 3 picocuries per liter (pCi/L) above background of 
0.5 for a total of3.5 pCi/L. 

One document addressed the proposed monitoring program after final reclamation was 
complete. That document, the gamma radiation monitoring plan proposed by Jacobs 
Engineering (Jacobs 1989), suggested modifications of the requirements of the EIS as 
follows: 

1. Aerial survey should be replaced by an extensive ground survey at 3 feet above 
ground because it is more accurate and less expensive. 

2. All waste dumps with exposed .Jackpile Sandstone (protore) or construction areas 
should be surveyed in a grid pattern prior to placement of shale and topsoil cover. 

3. After initial excavation of construction areas or placement of topsoil, the area 
should be surveyed to determine areas that were twice the background level. 

OA Systems Corporation 
·---;:----- -----------------

2 June 2007 
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Radon gas surveys were to be modified as follows: 
I. Radon was to be continuously monitored during construction at 15 locations on, 

and around the mine. 
2. Radon was to be continuously monitored at 10 locations on and adjacent to the 

mine for four successive qum1ers after construction was complete. 
3. Monitoring of radon flux was eliminated due to technical infeasibility, and 

because there was no standard for radon flux. 

4.0 PARAMETERS MONITORED AND SAMPLING METHODS 

Gamma ra_diation was measured using a TMA/Eberline gamma meter held three feet 
above the ground. The gamma surveys started during construction in 1990, and were 
concluded in 1993. There are no records of gamma radiation surveys after 1993. The 
following are the areas surveyed during the period of 1991 to 1993. They were selected 
based on recommendations from the E!S and monitoring reports. 

1. Shops, construction buildings, and offices; housing area; Paguate townsite 
2. Waste dumps and protore stockpile areas 
3. Crusher areas; haul and access roads 
4. Loading dock and rail spur from Quirk Station north to the project boundary (in 

1990) 
5. Three pits (North Paguate, South Paguate, and J ackpile) during backfilling and 

covering with shale and topsoil 

Gamma radiation was measured using grids (1 00x1 00 feet or 200x 100 feet) and recorded 
on fleld sheets, log and summary analytical sheets, and hand-drawn field maps. 
Measurements arc recorded in micro Roentgens per hour (iJR/hr). 

JZadon-222 gas was measured using Track Etch"' cups (Barringer Alpha Track Detectors) 
at 15 predetermined locations on, and around, the mine as suggested by the monitoring 
report (Jacobs 1989). The cups were set up on posts three feet above ground at each 
location, and collected quarterly from April 1990 to May 1997. The monitoring station 
locations and time were recorded on Radon Test Detector log sheets or field forms, and 
the results listed on Radon Measurement Data sheets and Monitoring Reports for each 
quarterly testing period. The complete radon-222 survey results were tabulated and 
reported in the 1996 Annual Report for the Jackpile Reclamation Project. Measurements 
are reported in picocuries per liter (pCi/L). 

5.0 RESULTS 

Gamma Radiation: The results of the gamma surveys showed that open uncovered pits, 
protore (Jackpile Sandstone) stockpiles, and areas contaminated with ore (i.e., crusher 
areas, haul roads, etc.) averaged 62 to 173 iJR/hr before reclamation activities. Waste 
dumps measurements varied depending on the surface materials from 19 to 48 iJR/hr. 

OA Systems Corporation June 2007 
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Shops and buildings on site initially measured 0.9 to 52 iJR/hr in 1991/1992, but were 
cleaned and reduced to 0.9 to 14 iJR/hr in 1993. 

During construction and reclamation activities, protore and contaminated areas were 
removed and placed in pits, which were then covered with shale and topsoil. 
Measurements of gamma radiation levels on the shale cover in pits and on waste dumps 
were reduced to 14 to 28 iJR/hr, and after topsoil placement the readings were reduced 
further to less than I 0 iJR/hr. Covering the protore and pits with shale and topsoil 
reduced gamma radiation to acceptable levels. There were no gamma surveys after 1993 
when the pits were covered and reclaimed. 

Radon Gas: The results of the radon gas surveys were summarized in a table in the 1996 
Annual Report, a portion of which is abstracted and presented in Table 5-l below. The 
averages of radon gas were all less than 2 pCi!L, and the average for all sites was I .0 
pCi/L. There was no measurement of radon gas above 2. 9 pCi/L, which was measured in 
the Old Shop in 1990. It was subsequently cleaned to reduce radiation. Radon gas was 
monitored for four quarters after reclamation was completed, in May 1997. None of the 
radon gas measurements exceeded the limit of3.5 pCi/L. 

Table 5-1 
Averages of Radon Gas Mcasm·ements in pCi/L at 15 Site Locations 

Jackpilc Reclamation Project, Apri11990 to May 1997 

=~ Location Range Average 
______ !'_:.I 0 area_ ________ ]_ 0.4-2. I _0_:} ______ _ 
_______ li:_Paguate .. 0.6-<2.0. ····-·-· ___ L()__. __ 
··-··-----()J:::..\2 __ --~o.cl:.:':l:()__ __ r· o ~-----
-·------cc:c' c07o,.;I7ll7dg?- ···--·--· 0. 7-1.9 71 c;;·2 _____ _ 

HIWAY 0.7-2.0 1.2 --------·----- ·-·--·-~-·--- --
New Shop 0.4-<2.0 0.6 
W. Paguate 0.3-<2.0 0.9:::--·---i 

----_.,.-'>,1"!1.::.6_ ___________ 0_.~_, __ 1.8 ___ .. -·--·.:C:l.c::-2 ___ _ 
·---"P_,aQ:gt""!ate #I _____ .J.l:l:.J·2 -.:;.O·c;7 ___ 1 

-----~;uate/12 ~-t··-·· 03~?.:2__ 0} ____ . 
N. l[lCk£ile 0.3-1.4 ~-- ___ !!_:] ___ _ 

--· Old Shol'__ ____ .. _U-2c5____ 0 ___ _ 
W. Jackpile ···--·· 0.4-2.9 ___ --c::l..;;-8 __ ___, 

--·-~S_\)y'_!:louse _ ~()A-1.5 __ 0~---·-
'----cc-c~---'-I"'Z"'M'-'-"'G"''-2 ___L ___ _o_.l.:.L2 ____ . 0.2 ··,--

Average (all measurements) I .0 pCi/L. Standard for the site is 3.5 pCi/L (3 pCi/L above 
background of 0.5 pCi/L) 

6.0 DISCUSSION OF RESOLTS 

Gamma radiation on the mine reclamation areas was reduced by moving protore and 
surfaces of the contaminated areas into the pits and covering them with shale and topsoil. 
Waste dumps that had Jackpile Sandstone on the surface were also covered with topsoil. 

·-··----··--
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These activities effectively reduced measured gamma radiation to acceptable levels of 
less than 28 ~R/hr on the mine areas up to, and during, 1993. There were no records of 
post-reclamation monitoring of gamma radiation after completion of reclamation in 1996. 

All radon gas measurements were consistently below the standard limit of 3.5 pCi/L set 
by the ROD. 

6.1 Data Condition 

An evaluation of the gamma radiation and radon gas monitoring data ts presented m 
Table 6-1. 

Table 6-1 
Evaluation of Gamma Radiation and Radon Gas Monitoring Data 

Positives 

Gamma I:Zadiation 
··---···------------------··-··--·-·-············-·····-··--··--·---·---~-~-~-

• Most of the sites selected and measured 
were at the appropriate locations. 

• The sample grids adequately covered the 
sites sampled. 

" Using hand-held gamma meters was an 
excellent method for sampling areas. 

Radon Gas 

Negatives 

til Recommendations for time periods to 
sample gamma radiation were not 
followed. There was no post-reclamation 
monitoring. 

a Data was not summarized or presented in a 
form for analysis of results 

• Data collected was not analyzed for 
patterns to determine when or where to 
monitor. 

• Data was not in a well tabulated form and 
not checked for ac_cura_c:)', ____________ _ 

---------·----··------------------· -------------------------
• Sampling periods and locations were • None 

adequate and followed the 
recommendations for monitoring and the 
EIS. 

• Data was well recorded and summarized in 
tables. 

• Data was easily analyzed for meeting 
standards. 

6.2 Data Evaluation 

The gamma radiation surveys were difficult to interpret, and in some instances 
incomplete. The survejf data could have also been plotted on maps or in tables for 
analysis of patterns or trends. 

In contrast, the radon gas measurements were mostly complete, summarized in tables, 
and easily interpreted in order to analyze for patterns and trends. 
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The Memorandum (dated May 20, 1994) from the BLM for a review of radiological 
monitoring stated that; I) all reclamation personnel have received minimal dosages based 
on TLD badges, 2) results of the Track Etchc' canisters for measuring radon are averaging 
1.0 pCi/L, and 3) the gamma radiation in the revegetated North and South Paguate pit 
areas is equal to or less than background, and the gamma readings in backfilled and 
covered areas of the Jackpile pit are within the required reclamation limit of twice 
background. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on this radiological measurement review, the following conclusions can be drawn: 

1. The Jackpile Reclamation Project gamma radiation monitoring program deviated 
from the requirement of the Record of Decision in that results were not tabulated 
or analyzed, and were not continued for the specified time periods. 

2. Gamma radiation levels are probably below the 28 pR/hr limit on most areas of 
the reclaimed mine site, but there is uncertainty due to the lack of recommended 
post-reclamation monitoring. 

3. Radon gas levels were consistently below the limit of 3.5 pCi/L at all locations 
measured. 

Based on these conclusions, the following recommendations can be made: 

I. Gamma radiation levels should be checked in specific locations at least one more 
time to verify that reclaimed areas are meeting the standard of 28 pR/hr. 

2. The reclaimed mine can be released hom any requirement for radon gas 
measurements, and should present no hazards for human health. 

3. Post-reclamation land uses can be instituted based on this radiation data 
evaluation. 
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1.0 INTRODUCTION 

This report presents a soil evaluation and data review for the reclaimed Jackpile-Paguate 
Uranium Mine. 

The objectives of this report are to: 
1. Determine if the soils and vegetation testing met the requirements in the J ackpile

Paguate Reclamation Project Record of Decision (ROD) (DOh, 1986) as defined 
in the Environmental Impact Statement (DOI1, 1986) 

2. Review the soil and vegetations chemical and radiological data collected and 
applied topsoil depths during reclamation for requirements established in the 
ROD. 

3. Make recommendations on how to overcome any ROD deficiencies. 

2.0 BACKGROUND 

The area of the mine and surrounding landscape is a region of broad mesas and plateaus 
separated by deep canyon, dry washes, and broad alluvial valleys on the southeastern 
edge Colorado Plateau province. This is a semi-arid region underlain by flat lying 
interbedded rock strata of Upper Cretaceous shale (Mancos) and associated sandstones 
(Tres Hermanos and Jackpilc). Soils are predominantly shallow sandy loam to sandy 
clay loam on the mesas and slopes, and alluvial fine-grained deep soils in the valleys 
(DO! 1, 1986). Approximately 3.1 million cubic yards of topsoil materials (mostly 
crushed Tres Hermanos Sandstone) were stockpiled on the mine site and were used as 
topsoil during revegetation. In addition, a borrow area for topsoil of 44 acres was also 
utilized as needed. The revegetation project involved the filling of three open pits using 
protore (sub-grade ore) stockpiles, substrate materials from mine waste rock dumps, and 
covering with topsoil stockpiles. 

Reclamation and revegetation techniques were first tested by the Anaconda Mining 
Company (AMC) starting in 1976, and continued on 11 additional waste piles in 1977, 
1979, and 1980-1981 (Weston, 1991 ). The techniques AMC tested included topsoiling 
procedures based on soils analysis, seed mixtures, fertilization, and straw mulching. The 
results of the soil surveys on mine reclaimed waste dumps, stockpiled soils, and various 
locations within the mine site showed that all of the soil samples can be considered 
suitable plant growth media (Weston 1991). Soils from a few areas may have problems 
with permeability or salt content if used in isolation. 

There was no site activity from 1982 to 1989. Final reclamation of the entire mine site 
started in 1990, and was completed at the end of 1996. The work involving topsoiling 
started in 1991 on waste dumps, and was continued on slopes and in pit bottoms until 
1995. 
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3.0 SOILS M.ONITORING AND ANALYSIS 

Monitoring fi:n· soils was specified in Table 1-5 in the ElS as once prior to seeding. The 
proposed soils monitoring program is presented in Table 3-1. The ROD specified that the 
waste dumps with Jackpile Sandstone would be covered with 3 feet of overburden 
(generally Mancos Shale), and 18 inches of topsoil. Protore (Jackpile Sandstone, JPSS) 
used as backfill in pit areas would be covered with 3 feet of overburden, and 2 feet of 
Tres Hermanos Sandstone or alluvial material. 

Overview of Soil Reports - Several documents present soil sampling results, and 
recommendations for use and need for monitoring before and after final reclamation. The 
Jacobs Environmental Monitoring Plan was designed to meet the specifics of the ROD 
and was, in fact, the approved plan that superceded the ElS table of recommendations. 
The Jacobs Environmental Monitoring Plan called for annual monitoring of salt in the pit 
bottoms for ten years, which would meet the requirements of the ROD; however, this 
monitoring was apparently not performed. The Soils and Vegetation Evaluation (Weston 
1991) completed before reclamation started, indicates that no further soils testing should 
be required. The reports by Munk and Boden (Munk and Boden, 1996, 1997), which 
reported results of soils monitored af'ler reclamation was complete, described soil profiles 
and characteristics in the pit bottoms, and provided discussion on potential for plant 
uptake from soils. There are no reports or records of soil being tested beyond the Munk 
and Boden reports of 1997. 

There were three types of soils testing discussed in documents associated with the 
Jackpile Reclamation: 

I) testing for suitability for· topsoil that could support revegetation goals, 
2) testing for salt buildup that could reach concentrations toxic to plants and 
3) testing of heavy metals and radiological compounds. 

Table 3-1 
Soils Testing Requirements Comparison 

f"""~=~~:~"-""""l!~l~~~~~~~hi~:Q[~a~~~~~~tl;~~~~~trt~~I ---·~-·~:;:~,-~=~=-·-· 
[Qx_~rl[ t B ui l!llill 

' 

II 

Sampling 
, Points 

i 

<n 
' 

NP Pit: 2 east, 2 west SP 1.) [QL].illlNilSuitab_ilill' 
Pit: 2 east, 2 west Landmark/Weston (1991) collected z Jackpile: 4 locations Half the 38 samples fi·om 26 locations in the 

One grid per u 
,oj <;::.-: locations in each pit will be in pit areas. 

50 acres on r- -
VJ ~ areas where paneling occurs after 

each waste 
dump and pit 

bottom 

@ g. large precipitation events and 
0 5 half on well-drained areas. 

.) No Salinity Sampling 

Sample collected from 3 to 9 .) For Potential for Plant Uptake 
inches below surface. Sampling Munk & Boden (1997) collected 12 
points marked with 3 foot steel samples 
posts. 
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Onc:;rior toj·- A-r-,n-ua-ll)~----··----- ~-\-~~-,~-~,----· 
Seeding 

lJ(natural), ---
________ _ _____ 1_.) Once ;j. 

RA-226, I J.) pl-l, EC, saturation%, Ca, Mg, 
Th-230, Na, SAR, soil characteristics 

I Parameters EC of saturated paste extract 
Se, Va, As, 2.) As, Cu, Mo, Pb, Se, Zn, Va, Pb-

1 

1

', Cd, Mo, Pb, 210, Po-21 0, Ra-226 
: Zn 

~I D t' Once ~~·ior to l3egin alier back~;lmg an;---~ )) (N)nceD- ---] 
ura 1011 d. . r 10 ... . ot one 

See mg contlnue 101 yeats 3 ) Once , 
=~.=.-..,-.,.,.--····-- -~=-···-------~='·=='·--~'""'·""""'==·"'· - -=----~= ~==~-~--==---==-~.,.,.,,-..,__==~"=) 

3,1 Topsoil 

The Jacobs Monitoring Report discusses soil testing to determine suitability for top 
dressing which was part of the reclamation operations and included in the 
construction specif1cations. It was not a part of the Long Term Post Closure 
Monitoring Program discussed in ROD Item I 0. There are several repotts which 
contain data on soils for suitability for top dressing, 

a.) Landmark/Weston (1991) 

In 1991, personnel from Weston collected and analyzed 3 8 soil samples from 26 
locations in the South Paguate, North Paguate, and Jackpile areas. The soils 
sampled were analyzed for pH, EC, saturation percent, calcium, magnesium, 
sodium, sodium adsorption ratio, sand, silt, clay, and texture. These parameters 
were measured to determine the suitability of the soil to serve as top dressing over 
the Mancos Shale, and support growth of native species. 

The results of the soil monitoring by Weston personnel (Landmark 
Reclamation/Weston, "Jackpile Reclamation Project, Pueblo of Laguna, New 
Mexico, Soils and Vegetation Evaluation for Final Reclamation", Final, April 
1991.) showed moderate soil parameters within normal ranges. Soils were 
moderately alkaline with a pH range of 7.3 to 8.2, low conductivity of 0.35 to 
3.77 (with one sample to 5.37), and low sodium adsorption ratio (SAR) ranging 
fi·om 0. II to I. 13 (three samples were higher to 5.07), and textures from loam to 
sandy clay loam. Concerns raised by this study were the potential for high 
sodium content and low permeability soils. However, most soils had low clay 
content allowing salts to be leached. Other concerns were for high permeability 
with low water holding capacity; however, topsoiling materials were mixed and 
placed over shale, which compensates for high permeability. There were some 
areas showing potential revegetation problems that could not be attributed to soil 
conditions alone. The conclusion of this soils study was that the topsoiling 
material tested could support successful revegetation, and no further soils testing 
was necessary. 
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b.) Munk and Boden (1996, 19972 

The report on interim reclamation by Munk and Boden (1996) presented a table of 
soil characteristics for the cover materials in the pit bottoms from 6-foot deep pits. 
The parameters recorded were material depths, color, texture, percent fragments, 
effervescence, and rooting depths. 

There is information in the abbreviated soils descriptions in the reports by Munk 
and Boden ( 1996, 1997) on soil depths and characteristics in three pit bottoms. 
One purpose of the soil investigation was to evaluate the general characteristics. 
Depths of topdressing ranged fi·mn 18 to 60 inches with an average depth of 30 
inches; depths of shale ranged from 7 to 36 inches with an average of 21 inches. 
Textures were medium and varied from sandy loam to silty clay. The pH 
measured in this study ranged from 7.7 to 8.2, and EC ranged fi-om 0.93 to 11 .2. 
Soluble calcium was typically high fi·om sulfate solid phases. The dark Mancos 
Shale layer is medium to fine texture with clay contents up to 45%. This shale 
was a mixed substrate with pH ranges from 3.5 to 7.8, and also had a high level of 
soluble calcium. The acid forming potential of the shak is limited as indicated by 
Acid Base Account evaluation. 

c.) Miscellaneous Field Data Sheets 

Field data sheets measuring shale and topsoil cover of waste dumps during 1991 
and 1993 showed topsoil depths averaging 18 to 20 inches, and shale cover from 
12 to 14 inches. No information was available on pit bottoms from these data 
sheets. 

Suitability of topsoil dressing material was adequately measured prior to the start of 
reclamation. The soils were found to be suitable for revegetation, and further 
testing should not be required. This soils evaluation met the requirements of the 
ROD for monitoring soils once prior to seeding. The parameters measured were 
different from that specified by the EIS; however, the parameters measured 
identifled the soils as suitable for plant growth. 

The results of the soils monitoring showed varying depths of topsoil and 
overburden cover on the waste dumps and pit bottoms. There were two periods of 
measuring soil cover depths; I) during construction on waste piles, and 2) post 
reclamation in the pit bottoms. The cover depths were adequate to provide growth 
media for plant growth and revegetation. Topdressing materials averaged 30 inches 
and shaje overburden 21 inches for a total cover depth of 51 inches (4.25 feet). The 
ROD specified 3 feet of overburden, and 2 feet of topsoil fen· a total of 5 feet. The 
difference of 0.75 feet can be attributed to settling and compaction after soils were 
placed. 

---------- -----
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Conclusion 

Overall, soils used for revegetation on the mine site were suitable for plant growth, 
and presented no problems for vigorous and productive vegetation communities. 
The reports on soils evaluation showed that the soil parameters were within normal 
ranges for local and native soils. Appropriate topsoil source areas were found and 
appropriate depths were laid clown. 

3.2 Salt Buildup 

The ROD required salinity monitoring in the pits. The Jacobs Monitoring Plan 
directed the soils in the pits be monitored for salt buildup since a survey of 
drainages blocked by waste clumps showed the build-up of salts to levels toxic to 
plants in areas adjacent to the blockage. There were no data found regarding 
monitoring for salt in soils. No salinity in soils was monitored. 

Conclusion 

The ROD requirement to monitor salt buildup for impact to vegetation has not been met. 
Although visual inspection during reclamation and post reclamation docs not indicate the 
presence of salinity induced stress in revegetated areas) a one time sampling and analysis of 
soils in areas adjacent blockages is recommended to verify this conclusion. 

3.3 Radiologkals and Hcavv Metals in Soils 

The EIS Table 1-5 presents radiological and heavy metal parameters to be tested in 
soils from the dumps and pit bottoms, to assess potential for plant uptake. There 
was a one-time sampling of soils for chemical and radiological analyses. Jn 
September/October 1996 (Munk and Boden, 1997) 12 locations in the pit bottoms 
were sampled for soil parameters and characteristics after reclamation was 
complete, primarily for determining plant uptake of heavy metals and radionuclicles. 
They sampled the topdressing (Tres Hermanos Sandstone TD), Mancos Shale (MS), 
and Jackpile Sandstone uranium protore (JPSS) layers. The constituents measured 
included arsenic (As), copper (Cu), molybdenum (Mo), lead (Pb), selenium (Se), 
zinc (Zn), vanadium (V); and the raclionuclides lead-210 e10Pb), polonium-210 
(

210Po), and radium-226 e26Ra). 

The Munk and Boden (1997) reports that samples were taken at 12 locations within 
the pits for some radiological and heavy metals compounds. The reported results of 
soils monitored after reclamation was complete, provided discussion on the 
potential for plant uptake from soils. Their analysis of the soil topdressing, shale 
cover material, and protore in the pit bottoms indicated that the heavy metals, 
arsenic, copper, lead, molybdenum, and zinc occurred at typical levels for natural 
soils. They concluded that additional measurements of arsenic, copper, lead, 
molybdenum, and zinc were not warranted in the pit bottoms. However, the heavy 

----------------····-- ··---------------···· 
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metals, selenium and vanadium, and the radionuclides, radium-226, lead-21 0, and 
polonium-21 0, occurred at elevated levels in the Jaekpile Sandstone protore. These 
metals and radionuclides have the potential for redistribution to the soil surface by 
vegetation, and should be monitored. 

Conclusion 

Because of the construction of barrier covers over the protore in the areas that had 
elevated metals and radionuclide, concentrations, those areas should be of no 
concern. The ROD requirement for monitoring was met for soil testing. 

4.0 Plant Uptake Monitoring and Analysis 

The EIS recommended several reclamation and revegetation activities that were intended 
to reduced the potential for vegetation uptake of metals and radionuclides or prevent 
grazmg. The activities included: 

1. Moving stockpiled protore (Jackpile Sandstone) into the pits and covering with 
overburden (Mancos Shale) and topsoil ("fres I-Iermanos Sandstone) before 
seeding for revegetation. 

2. Covering exposed surfaces of Jackpilc Sandstone on waste dumps with 
overburden and topsoil. 

3. Clearing and moving contaminated materials fi·om facilities, roads, rail spur, 
and disturbed sites; and topsoiling all disturbed sites (old roads, etc.) beiorc 
revegetation. 

4. Stabilizing slopes of waste dumps and pit highwalls. 
5. Fencing pit bottoms (to prevent access of domestic cattle and human entry). 

There was no site activity from 1982 to 1989. Final reclamation of the entire mine site 
started in 1990, and was completed at the end of 1996. Monitoring for vegetation uptake 
started with soils investigation in 1996 and continued with vegetation monitoring until 
2006. 

Requirements of the ROD and EIS, concerning monitoring for heavy metals and 
radionuclides uptake, were specified in Table 1-5 in the EIS. Table 4-1 presents the 
proposed and actual monitoring for vegetation uptake. 
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Table 4-1 
Comparison of Monitoring Hequircrnrnts fot· Radionuclidc and 

Heavy Metal Uptake Into Vegetation Comparison 

·- --··-I;~~~~~!HJ-~~I~==-~~~~~~·~Ja~~;f~:;::;~~;~,~:~~~j~ .. A~a;l 
Transects on selected l 

Sampling reclaimed waste One location per dump P't B 
d d 11 · · 1 ISS c 1 ottoms I 

1 Points umps an a p1t wJt 1. on outer surface 1 
[-- bottoms __J 

F A 11 , 11 2oo1,2oo3, 1 

~~- 'rcquency . nnua y hnnua y 2005, 2006 I 

II U(n:tural), R;~;;;, Item 12: Edible Fraction for As, Cu,])i,-:-·1 

1:1
, Po-21 0, Th-230, Se, EJS Table 1-5, Ra-226, Po-21 0, MPob, S

2
el,OVP, Zn, I 

'1!,· arameters V, As, Cti, Cd, Mo, minimum 10 )•ears . ' o- I Pb-210, Se, Va, As, Mo, 
210 

~ Pb, Zn ;~;~oe~:::~ Pb_:_Cu, Zn --~::1?.<5 __ ! ---·-·-·--- Commence one year after 
rcsccdino for a minimum 

I
' 1 o 

A minimum of 10 of 10 years following 
'Duration yca1s followu1g reclamation Inc1ease 

~-~~-=-=~-~~~~~.~~clamati~~ ~"-~~~-~~~-~~~-~~:~ll~~::l~~~j~5~ls·---~-~~~J 
Overview of Uptake Report~ Two documents in addition to the ROD and EIS dealt 
with the proposed vegetation uptake monitoring program after final reclamation. 

The Jacobs Environmental Monitoring Report reports that early data sets showed 
that "vegetation on the disturbed areas is not accumulating heavy metals or 
radionuclides in concentrations that are toxic to livestock", but that it would be 
prudent to monitor to sec if uptake changed with time. The monitoring plan 
proposed by Jacobs Engineering (Jacobs 1989) suggested annual monitoring begin 
one year after seeding and continue for l 0 years. Thorium-230 was not inclucled in 
the monitoring plan due to a low uptake factor, and Uranium (total) was also not 
included because of low plant uptake and a low conversion factor for the ingestion 
pathway. Instead, Polonium-21 0 was considered to ha\•e a greater potential human 
exposure pathway through ingestion, and was included in the monitoring that was 
implemented. 

b.) Miscellaneous Data Sets 

There were four years (2001, 2003, 2005, and 2006) in which vegetation was 
clipped and analyzed for heavy metals and radionuclides. The following metal and 
radionuelides were analyzed during these time periods: 
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1. June 2001, May 2003 and June 2005: heavy metals- As, Cu, Mo, Pb, Se, V, 
and Zn; radionuclides- 226Ra, 210Po, and 210Pb. 
2. September 2006: heavy metals - As, Cu, Mo, Pb, Se, V, and Zn; and 
radionuclides were analyzed. 

The results of the vegetation uptake monitoring are presented in Table 4-2. The 
results presented are the range of values, number of non-detects or negative values, 
and the average value for each time period. The following summarizes the values 
for each metal and radionuclide. 

The following presents a discussion of these data sets. 

METALS 
£\,rs.onie: The average concentrations were low at 0.2 to 0.4 mg/Kg, with many non
detects. One maximum concentration at 5.0 mg/Kg was recorded, but no discernable 
trend was observed during the 5-year monitoring period 
~Ql2Ps:r: This metal was detected in all vegetation samples at low average concentrations 
of 2.4 to 2.9 mg/K.g. There was one value of 7.6 mg/Kg, but there was no increase or 
trends noted during the sampling periods. 
Lead: The average concentrations were low at 0.1 to 0.4 mg/Kg, with many non-detects. 
There was one value at 4.0 mg/Kg, but no trends were noted. 
Molybdel)l.l!J.r The average concentrations were low at 0.2 to 0.5 mg/Kg, with many non
detects. There was one value at 3. 7 mg/Kg, but no trends were noted. 
S.!'Lenium: The concentrations varied ii'om 0 to a maximum value of 42.9 mg/Kg. The 
concentrations measured in 2006 had increased in average value in the 2006 samples to 
6.4 mg/Kg due to uptake by a perennial shrub (four-wing saltbush). 
Vanildium: The concentrations were low averaging 0.6 to 1.5 mg/Kg with many non
detects 
ZirlQ: The concentrations were consistent in all plants sampled varying ii·om 3 to 4 7 
mg/Kg. Average values were 14 to 20 mg/Kg, with no trends in the years sampled. 

Measured uptake concentrations of metals into vegetation were either below, or within, 
normal ranges for all heavy metals analyzed. As discussed by Munk and Boden (1997), 
the potential for uptake by most plants is minimal given the soil propc1ties in the pit 
bottoms. This was confirmed by the four growing seasons (200 1 to 2006) of vegetation 
sampled and analyzed for heavy metals (see Table 5-l, and discussion of concentrations 
in plant species sampled). There was some concern by Munk and Boden (1997) that 
selenium and vanadium may accumulate on the surh1ce and be translocated from the 
Jackpile Sandstone backfilled and covered in the pit bottoms. However, there was no 
increasing trend of these two) metals measured in the vegetation eleven years after 
revegetation was complete. 

The concentration in one shrub (four-wing saltbush) analyzed for selenium was within a 
normal high range, and may indicate that this shrub species is a secondary accumulator. 
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This species is a member of the goosefoot family, and is not generally grazed by 
domestic livestock when other more palatable grass species are available. 

Domestic livestock can graze the grass/shrub vegetation in the pit bottoms without toxic 
effects from heavy metals. Selenium was the only metal found to have the potential for 
sub-acute toxicity in one sample in one shrub species that is generally not browsed by 
livestock. It is recommended that heavy metals monitoring should not be required in the 
future based on the sample results to date. 

RADIONUCLIDES 

Lead-21 0: The concentrations measured in vegetation were consistently low at Jess than 
I pCi/g (range 0 to 1.1) with some non-detects, and averaging 0.07 to 0.50 pCi/g. There 
was no increasing or decreasing trend in uptakes measun;d 
f'Qlonim:n:1Jl): The concentrations measured in vegetation were also consistently low at 
less than 0.4 pCi/g (range 0 to 1.16) with some non-detects, and averaging 0.05 to 0.28 
pCi/g. There was a slight increase in uptakes measured in 2006 (1.16 pCi/g) due to 
values in perennial shrubs (four-wing saltbush), and one grass sample. 
Radium-2f2: The concentrations measured in vegetation were generally low at less than 
I pCi/g (range 0.002 to 2.1) with some non-detects, and averaging 0.17 to 0.72 pCi/g. 
There was no increasing or decreasing trend in uptakes measured 

The concentration levels of radionuclides in the plallt samples analyzed were uniformly 
low with no increasing trends in levels over the f(lllr periods vegetation was sampled. 
The concentration levels arc well below values that arc considered toxic to domestic 
livestock or wildlite; therefore, sampling of radionuclides should not be required in the 
fi.tturc. 

Table 4-2 
Summary of Results of tlw Heavy Metal and Radionuelidc Vegetation Uptake 

Monitoring for the Jackpilc Reclamation l'ro,jcct. 
Results are in mg/Kg (ppm) for metals, and pCi/g (picocurics per gram) for radionuclides. 
~'ND- non-detects or minus values 

nuclides 
""Pb 0.1-1.9 0 -
"

1 Po 0-0.5 5 

~:~~a 0-0.5 5 
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Conclusions 

Based on this vegetation uptake review, the following conclusions can be drawn: 

I. The Jackpile Reclamation Project vegetation uptake-monitoring program deviated 
from the requirement of the ROD in that heavy metals and radionuclides were not 
measured for ten consecutive years after reclamation was completed. 

2. Vegetation had low levels of metal and radionuclide uptake based on sampling 
and laboratory analysis. However, it should be noted that the uptake data 
collected was poorly documented and not analyzed or checked for concentrations 
or trends. 

3. Vegetation growing on the reclaimed mine presents a minimal potential for 
hazards to domestic livestock or human health due to the low or normal 
concentrations of metals and raclionuclides. 

4. 'fhere is a semi-permanent surface water feature in the North Paguate pit. This 
area was not sampled for vegetation uptake. The vegetation around that pit 
should be monitored to determine if it is consistent with the vegetation uptake in 
the dry areas. 

Hecommcndations 

1. Vegetation on the reclaimed mine app(,ars to be stable and should not require 
further general testing or monitoring for heavy metals or radionuclides, with the 
exception of the area ncar the North Paguate surface water feature. 

2. The reclaimed mine can be released from the vegetation monitoring requirements 
and should not require future monitoring. 

3. Based on this vegetation uptake evaluation, post-reclamation land uses can be 
initiated. 

4. ll is possible that some additional specific vegetation analysis may be required 
based on a future surface water sampling program. 

5.0 Data Condition 

An evaluation of the soils monitoring data and vegetation uptake monitoring data 1s 
presented in Tables 5-l and 5-2, respectively. 

Table 5-1 
Evaluation of Soils Monitoring Data 

----·-----·------------r·----------

Positives Nt~gatives 

• Reports were clear and concise, and • Soil depths were not consistently measured-
presented adequate detail. across the mine sites. 

• Survey and analytical methods were • Soil suitability was not measured 
adequately explained. immediately prior to seeding. 

• Rcp01is were consi stcn t for to.01p:.:s:.::o.:.i l:_ ____ _J_• __ S,"' o=i l..cr:.:a::.ra:::'c::n'-=c-"te::r::..s ..:.r::.eq2 t::.l i::.rc::.c::.l.:.:bd.y-'t:::h:::e_::r:::ol"'S'-w=e'-'re'-_.J 
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Depths of topsoil and overburden placed 
averaged just below the required depth due 
to settling. 

not analyzed until reclamation was 
complete. 

Q There \:vas no discussion or evaluation of 
the soil data for suitability based on heavy 
metals or radionuclides. 

• The required monitoring of salt build-up 
_was nol.t'~rformed ______________ .J 

Table S-2 
Evaluation of Vegetation Uptake Monitoring Data 

Positives ··-- ---·-··-~=J-~~g~~~~~~-----·-----·---,-----· 
• All heavy metals and radionuclic!es were 1 • Recommendations for which metals to 

sampled during each time period. 1 analyzed were not followed. 
• Sampling and laboratory analytical methods • Vegetation was not sampled for the 10-year 

were adequately explained. period required by the EIS. 
• The early monitoring plan and soils • Data collected was not analyzed for trends 

investigation report were well written and to determine which constituents should be 
consistent. continually monitored. 

• Data was in a poorly tabulated form and not 
, __ c.c.he_ck_"~_I(,.I:_accuraey'--. __ _ 

The review and analysis of the Ycgctation uptake data was difficult due to the poorly 
organized and presented data sheets, which had no periodic evaluation. An early 
sampling in 1997 or 1998 could have resulted in no need to sample for several of the 
metals as suggested by Munk and Boden (1997). An evaluation of the first three 
sampling periods in 2001, 2003, and 2005 would have shown that sampling for any 
metals or radionuclides in 2006 may not have been necessary. 
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1.0 INTRODUCTION 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Oualitv Data Review 

The following presents a review of the post-reclamation water quality monitoring and 
data for the Jackpile-Paguate Uranium Mine located on the Laguna Indian Reservation, 
Cibola County, New Mexico (see Figure I-I). Please note that this analysis was prepared 
in the Fall of 2006, prior to receipt of the 2006 and 2007 water quality data and prior to 
the installation and sampling of two wells in the Jackpile Pit. Please see the attached 
addendum for these data analyses. 

The objectives of this report are to: 
I) Determine if the post-reclamation water quality monitoring has met the 

requirements as defined in the Jackpiie-Paguate Reclamation Project 
Environmental Impact Statement (DO!h I 986) and the associated Record of 
Decision (ROD) (DOh, I986). 

2) Examine the water quality data collected as to its validity and its applicability in 
assessing long-term risks to people and the environment. 

3) Define contaminants of concern and trends of these data. 
4) Make recommendations as to future monitoring programs and steps that should 

be taken to ensure the health and safety of nearby residents. 

The following presents a brief overview of the hydrology of the site and importance of 
the overall water quality monitoring program, as well as addressing each of the objectives 
outlined above. 

2.0 BACKGROUND 

The Jackpile-Paguate Uranium Mine was operated between I 953 and I 980. The mine 
consisted of three open pits (the Jackpile, North Paguate, and South Paguate) and a series 
of underground workings. The pits were between 200 and 300 feet deep with the mine 
and associated facilities within a 7,868 lease area, of which approximately 3,I40 acres of 
land was reclaimed. A little less that I/3 of this disturbed acreage was reclaimed prior to 
I 980 by the Anaconda Copper Company, which operated the mine. 

In December I 986, under a series of agreements between the Bureau of Indian Affairs 
and the Pueblo of Laguna, it was agreed that the Pueblo of Laguna would perform the 
management, coordination and administration of the Jackpile-Paguate Reclamation 
Project in accordance with the requirements set forth in the Jackpile-Paguate Reclamation 
Project Environmental Impact Statement (DO!h 1986) and the associated Record of 
Decision (ROD) (DOh, 1986). This project involved the reclamation of the three open 
pits, 32 waste dumps, 23 protore (sub-grade ore) stockpiles, four topsoil stockpiles, as 
well as roads and buildings on the remaining 2,656 acres of disturbed land. As defined in 
the ROD, the objectives of the reclamation are: 

I) To ensure human health and safety. 
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2) To reduce the release of radioactive clements and radionuclei to as low as 
reasonably achievable. 

3) To ensure the integrity of all existing cultural, religious and archeological sites. 
4) To return the vegetative cover to a productive condition compatible with the 

surrounding area. 
5) Provide for additional land uses that are compatible with other reclamation 

objectives and that are desired by the Pueblo of Laguna. 
6) Eliminate the need for post-reclamation maintenance. 
7) Blend the visual characteristics of the mines with the surrounding terrain. 
8) Employ the Pueblo of Laguna people in efforts that afford them opportunities to 

utilize the skills or train them as appropriate. 

An impotiant aspect of the EIS and the ROD is gaining a thorough understanding of the 
hydrogeology and surface water hydrology of the site. Much has been written about the 
hydrology of the site. Dames and Moore (1980), Hydro Geo Chem (1982), Zehner 
(1985), and others have presented detailed descriptions of the aquifers and surface water 
drainages at the mine site. It is suggested that the reader review the EIS for additional 
information of the overall hydrology of the site. This information was utilized to develop 
an environmental monitoring plan for the Pueblo of Laguna (Jacobs Engineering Group 
Inc., 1989). This monitoring plan, which will be discussed later in more detail, covered 
the monitoring of groundwater in the Jackpile Sandstone which is the principle aquifer 
underlying the site, the alluvium, and the fill in the pits as well as the surface waters in 
the Rio Moquino and Rio Paguate which receive runoff from the site. 

3.0 MEETING THE REQUIREMENTS OF THE ROD AND EIS 

As mentioned earlier, one of the objectives of this report is to determine if the post
reclamation has met the water quality monitoring requirements of the EIS and the ROD. 
In Table l-5 (Summary of Proposed Monitoring Programs) of the EIS for the Preferred 
Alternative it was suggested that the following water quality monitoring program be 
implemented, which is presented in Table 3-1. 
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Proposed Water Quality Monitoring as Presented in the EIS (DOl~> 1986) 

Ite-m ~osed Water Quality Monitoring for Proposed Alternative __ 

~'of Stations 7 __ 
Parameters Group A: pH, EC, temperature, Bicarbonate 

Chloride. Sulfate, Sodium, Silicon dioxide, Magnesium, 
Nitrate, Manganese, Iron, Uranium (natural) and Radium 
226 Group B: Same as Group A \Vilh Arsenic, BOI'on, 

Surface \Vater Quality Barium, Cadmium, cyanide, Cobalt, Chromium, Copper, 
Fluoride, Mercury, Molybdenum, Nitrogen, Lead, 
Phosphate, Selenium, Vanadium, Zinc, and Ra228 

--K~~~~-':_IlCY Quarterly for Gr~~ A <!.!ld Semi-annually for Group B 
Duration During reclamation and 1 0 vears thereafter. 
Number of Wells 17 
Parameters Group A: pH, EC, temperature, Bicarbonate 

Chloride. Sulfate, Sodium, Silicon dioxide, Magnesium, 
Nitrate, Manganese, Iron, Uranium (natural) and Radium 
226 Group B: Same as Group A with Arsenic, Boron, 

Groundwater Barium, Cadmium, cyanide, Cobalt, Chromium, Copper, 
Fluoride, Mercury, Molybdenum, Nitrogen, Lead, 
Phosphate, Selenium, Vanadium, Zinc, and Ra228 
Plus water levels 

Frequency Semi-annually n·o Group J:. and Annuall~for Group ]2____ 

'---· 
Duration During reclamation and 10 l:Cars thereafter 

In the ROD (DOh, 1986), monitoring requirements were stated as follows: 

"The monitoring period will vwy for each parameter. Existing monitoring activities to 
be continued will include: meteorologic sampling, air parliculate sampling, radon 
sampling (ambient) ......... water monitoring and subsidence. The monitoring program 
will be expanded to include: radon daughter levels (working leveL\) in any remaining 
workings and ground water recover levels/salt build-up in the open pits. The ground 
water monitoring period will be of sufficient duration to determine the stable future water 
table conditions. Refer to Table 1-5 of the FEIS for details of the monitoring plan as 
described under the Preferred Alternative. " 

The following presents the proposed and applied water quality monitoring programs for 
groundwater and surface water. 

3.1 Groundwater 

In the Final Approved Environmental Monitoring Plan (Jacobs Engineering Group Inc., 
1989), the monitoring program proposed in the EIS was somewhat modified. For 
groundwater, it was recognized that the potential for groundwater contrmination is one of 
the "most sensitive" issues to the public. Based on groundwater studies by numerous 
consultants, it was determined that contaminated water has not migrated offsite and that 
the open pits act as groundwater sinks, and potential for groundwater to move offsite 
would not occur for some time. In this plan, it was recommended that five wells be 
completed in the Jackpile Sandstone, four wells in the alluvium, six wells in the pit 

OA Systems Corporation 3 November 2006 I Updated June 2007 



05000187

Jackpi/e-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

---------- ___________________ __,WL_ater Quality Data Review 

backfill and two additional locations to be selected. Table 3-2 presents the Jacobs 
Environmental Monitoring Plan preferred locations of these wells. With the initiation of 
monitoring, a total of eight wells were completed with four wells in the .Jackpile 
Sandstone, four wells in the alluvium, and four wells in f!ll material. Details for these 
wells are presented in Table 3-3 and illustrated in Figure 3-1. Fewer wells were installed 
than proposed in the Jacobs Environmental Monitoring Plan and the up gradient well for 
the SP Pit area (MW-8) collapsed in 1991 and was never replaced. The actual monitoring 
program is deficient in that it lacks two wells in the Pit and lacks a well downgradient of 
the Jackpile Pit in the Jackpile Sandstone formation. One of the two downgradient wells, 
MW-2 or MW6, was supposed to be placed in the Jackpile Sandstone formation, 
however, both are in the alluvium. Reportedly, the Jackpile Sandstone is not present at 
the downgradient boundary. 

Table 3-2 
Proposed Wells Locations in the Environmental 

Monitoring Plan (Jacobs Engineering Group, 1989) 

-

Location Formation for Completion 
- -------

GROUP A 
Southwest of South Paguate Pit (background well) Jackpile Sandstone 
North of North Paguate Pit (background well) Jackpile Sandstone 
NortlHlorthcast of Jackpile Pit (background well) Jackpile Sandstone 
North of the Rio Paguate and west of the Rio Moquino near the confluence Alluvium 
South of the Rio Paguate and north of the South Paguate Pit Alluvium 
South of the Jackpile Pit offices and east of the Rio Paguate Alluvium 
In Oak Canyon adjacent to the designated site boundary Jackpile Sandstone 
Near the Intersection of the south end of the designated site boundary and the Rio 
Paguate Jackpile Sandstone 
Ncar the intersection of the south end of the designated site boundary and the Rio 
Paguate Alluvium 
GRO\JPB 
In the North Paguate Pit after backfilling Fill 
In the North Paguate Pit after backfilling, west thumb Fill 
In the South Paguate Pit allcr backfilling, SP-20 pit Fill 
In the main South Paguate Pit after backfilling Fill 
In the c~ntral _ _EQrtion of the Jackrile Pit after backfilling (2 wells) Fill 
GROUPC 
Two location to be selected b~ the Pueblo of~~um:t and Department of ~nterior 1 

1 More wells may be required if the migration of contaminated groundwater off the 
site is detected b)~~_proposed monitoring wells. 
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Table 3-3 
Groundwater Monitoring Well Locations and Completion Information 

Location Total 
Well Number 

Northing Easting 
Depth Description Formation 

. (it) 

1--- MW-1 1506790 639458 231 North ofN. Paguate Pi~ ... Jackpile SS 
Near the Intersection of the 

MW-2 1500707 648932 40 
south end of the designated 

Alluvium 
site boundmy and the Rio 

1-------- Paguate 
South of the Jackpile Pit 

MW-3 1504131 643052 60 offices and east of the Rio Alluvium 
Paguate 
South of the Rio Paguate and 

MW-4 1503734 639392 50 north of the South Paguate Alluvium 
Pit -·-· 
In Oak Canyon adjacent to 

MW-5 1494714 648687 262 
the designated site boundary 

Jackpilc SS 

Near the intersection of the 

MW-6 1495801 650527 60 
south end of the designated 

Alluvium 
site boundary and the Rio 
Paguate --
N01th of the Rio Paguate and 

MW-7 1511275 647255 375 west of the Rio Moquino Jackpilc SS 
near the confluence -
Southwest of South Paguate 

MW-8 1500945 633094 456 
Pit (collapsed) 

Jackpile SS 

SP-OP-34 1500641 637929 na 
In the South Paguate Pit after 

Backfill 
backfillil%_SP-20 pit 

SP-OP-35 150!033 634954 na 
In the main South Paguate 

Backfill 
Pit after backfilling _ .. __ ~ 
In the North Paguate Pit after 

NP-OP20W 1504824 638746 na backfilling, west thumb Backfill 

In the North Paguate Pit after 
NP-OP20E 1505123 64!582 na backfilling Backfill 

---- --

In the Environmental Monitoring Plan, it was recommended that groundwater samples be 
analyzed for the following parameters: 

• Water Levels • Vanadium 

• pH • Selenium 

• Specific Conductivity • Uranium (Total) 

• Temperature • Gross Alpha 

• Total Dissolved Solids • Lead-210 

• Sulfate • Polouium-21 0 

• Molybdenum • Radium-226 
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Analysis of the following parameters, on a one time basis after reclamation is completed, 
was also recommended. 

• Bicarbonate • Cadmium 

• Chloride • Cyanide 

• Calcium • Chromium 

• Sodium • Fluoride 

• Sodium • Mercury 

• Silicon dioxide • Lead 

• Magnesium • Phosphorus 

• Nitrates • Potassium 

• Nitrite • Selenium 

• Manganese • Silver 

• Arsenic • Zinc 

• Barium 

In addition, on a one time basis after reclamation had been completed, organic substances 
including halogenated volatile organics (EPA Method 601 ), aromatic Volatile organics 
(EPA Method 602) and base/neutral, acid extractables, and pesticides (EPA Method 625) 
were to be analyzed. 

Final groundwater monitoring between 1989 and 1994 consisted of semi-annual 
monitoring of each of the monitoring wells with the exception MW -8, which collapsed 
and was abandoned. Samples were taken in April/May and in November/December. The 
parameter list consisted of both sets of parameters recommended by the Environmental 
Monitoring Plan. During post-reclamation (1995 - present), monitoring consisted of 
annual sampling of MW-1 through MW-7 and the four pit wells for the same list of 
parameters. Sampling took place during April/May of each year. At the time of this 
review, water level information was only available on a semiannual basis between May 
1992 and November 1994. 

3.2 Surface Water 

According to the Environmental Monitoring Plan (Jacobs Engineering Group, 1989), 
surface water studies by consultants for various organizations indicate that the mine site 
does not appreciably contribute to contamination of the Rio Moquino and the Rio 
Paguate. According to the plan, surface water samples were to be taken quarterly at each 
of the seven stations listed in Table 3-4. 
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Table 3-4 
Proposed Surface Water Monitoring Locations 

in the Environmental Monitoring Plan 

Locatio,_,n'-o-:----:------j 
Upstream on the Rio Moquino 
Rio Moquino above the confluence 
Upstream on the Rio Paguate 
Rio Paguate above the confluence 
Rio Paguate below the confluence 
Rio Paguate- Ford Crossing 
Each major pond in the __ '!l'.::e'cc' =it,_s __ _j 

Samples taken from these sites were to be analyzed for total dissolved solids, gross alpha, 
and radium-226. Semi-annual samples were to be taken at each of the stations and 
analyzed for following parameters: 

• pH • Arsenic 

• Specific Conductivity • Selenium 
• Temperature • Uranium (Total) 
• Total Dissolved Solids • Gross Alpha 
• Sulfate • Lead-21 0 
• Molybdenum • Polouium-21 0 
• Vanadium • Radium-22 6 

with the following parameters on a one time basis afier reclamation is completed. 

• Bicarbonate • Cadmium 
• Chloride • Cyanide 
• Calcium • Chromium 
• Sodium • Fluoride 
• Silicon dioxide • Mercury 
• Magnesium • Lead 
• Nitrates • Phosphorus 
• Nitrite • Potassium 
• Manganese • Selenium 
• Arsenic • Silver 
• Barium • Zinc 

With the initiation of monitoring, a total of seven surface water stations were monitored. 
These stations are listed in Table 3-5 and presented in Figure 3-1 and correspond with the 
six river sampling sites presented in the Environmental Monitoring Plan, plus th~ 
monitoring of Paguate Reservoir. The Jacobs Environmental Monitoring Plan required 
monitoring major ponded water in the open pits. This was not done. Surface water 
samples were analyzed for both sets of parameters recommended by the Jacobs 
Environmental Monitoring Plan on a semi-annual basis 111 April/May and 
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Jackpile-Paguate Uranhun Mine 
Record of Decision Compliance Assessment 

Water Oualitv Data Review 

November/December between 1989 and 1994 and annually in April/May between 1995 
and present. 

Table 3-5 
Existing Surface Water Sampling Locations 

Station 
RT 
URP 
LRP 
URM 
LRM 
PM 
LAKE ~- J 

4.0 RESULTS 

Location 
Rio Paguate- Ford Crossing- Rail Trestle 
Upper Rio Paguate- Upstream 
Lower Rio Paguate above the confluence 
Upper Rio Moquino 
Lower Rio Moquino 
Rio Paguate below the confluence 
Paguate Reservoir 

As part of this review, data was evaluated for the ten-year monitoring period between 
1996 and 2006. These analyses were completed by Hall, Assagai, or American Radiation 
Services. At the time of this report, complete analyses were not available for 2006. 
These results are presented in detail in Appendix A of the Water Quality Report. 
Highlighted in these data tables are those parameters which equal or exceed USEP A's 
(2002) Maximum Contaminate Levels (MCL) in light blue and National Secondary 
Water Quality Levels (NSWQL) in light gray. These exceedances will be discussed in 
Section 5 of this report. As part of the review process, the data were summarized in 
terms of count, mean, maximum, minimum, and median. An example of this data 
reduction is presented in Table 4-1. These results are also presented in Appendix A. 
Analytical methods used are summarized in Appendix B. 

In addition to the field parameters, major cations and anions, nutrients, and trace metals, 
radionuclides and radioactive emissions were also analyzed. Radionuclides contain 
unstable nuclei and are said to be radioactive. This instability is manifested as the 
potential to decay or fall into a lower energy state by releasing principally either alpha or 
beta particles, or gamma rays. An alpha particle is defined as a positively charged 
particle consisting of two protons and two neutrons. A beta particle is either a negatively 
charged negatronlelectron or a positively charged particle (positron). Gamma rays are 
high energy, short-wavelength electromagnetic radiation. Radioactive emissions are 
measured by an activity unit called a Curie (Ci), representing 3. 7x I 0 I 0 disintegrations 
per second. 
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Table 4-1 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

Example of Reduced Data Table as Presented in Appendix A 

GROUNDWATER MW-1 

Analytc Units Number Mean Maximum Minimum Median 
--
'0~~ sam ole temperature (cit dev C 
.''§ ~ 5 Conductivity umbos/em 10 1938 2200 1060 2015 
"-L.~E 

pH units 10 7.918 8.2 7.2 7.995 

Total Dissolved Solids mg/L 10 1256.8 1400 719 1300 

Alkalinity, Bicarbona~e mg/L 10 497.7 576 451 +-· 493.5 

" 
Alkalinity, Carbonate mg/L 10 2.82 6.2 2 2 

" mg/L 0 Alkalinity, Total 9 501 576 451 __ 498 '2 
< 
~ Chlo.~ide mg!L 10 I 5.14 16.6 13.7 15.2 
c 

" Sulfate rng/L 9 529 602 469 514 
~ 

" 0 
_S'~ciunl.!_ dissolved mg!L 10 12.5 61.3 5.2 6.8 -~ 

u Maf!ncsjtml, dissolved mg/L 10 5.8 39.2 1.8 2.2 :s 
mg/L 

., 
.J:?.tassium, dissolved 10 2.4 3.3 L9 2.2 

:20 
Sodium, dissolved ~_L ___ 10 520.3 889.0 423.0 486.0 

Silica mg/L 3 4.9 5.4 f-------4. 7 4.7 ·------
Silica, as Si02 mg/L 7 8.92 10.5 6.93 9 

"' Nitrate, as N 
" 

~..!:__ 10 0.53 1.06 0.05 0.53 
.g 

Nitrite. as N mg/L 10 0.15 0.9 _______ o_~ _ ___ _I)~ 

" .... 

z Orthophos_e!1atc, as P mg!L 10 0.23 0.5 0.05 0.05 --
Arsenic, dissolved mg/L 10 0.00071 0.0012 0.0005 0.0006 

Barium, dissolved mg!L 10 0.01144 0.0214 0.0095 0.0!015 

Cadmium, dissolved mg/L 10 0.0005 0.0005 0.0005 0.0005 

Chromium, dissolved mg!L 10 0.0012 0.003 0.001 0.00! 
----~-·-· --· 

Cyanide, Total .. mg/L 10 0.01 0.01 0.01 0.01 

mg/L Fluoride 10 2.322 2.66 2.02 2.4 

3 Lead, dissolved mg!L 10 0.0065 0.0600 0.0005 0.0005 u ------- f--;>: 
Lead-21 0 !lCi/L 3 1.~506667 3.29 0.082 0.38 u f----u 

mg/L ~ -~anese, dissolved 10 0.07492 0.721 0.0005 0.003 I 5 
f-

Mercury - ug/L 10 0.0202 0.2 0.0002 0.0002 

Molybdenum, dissolved mg/L 10 0.006 0.009 0.002 0.006 

~~nium, dissolved mg!L 10 0.0031 0.0080 0.0005 0.0028 

Silver, dissolved mg/L 10 0.0005 0.0005 0.0005 0.0005 

Vanadium, dissolved mg/L 10 0.0011 0.002 0.001 0.001 

Zinc, dissolved mg!L 10 0.02501 0.1 0.005 0.00705 

For drinking water, the common representation of activity is the Pico Curie (pCi), equal 
to 10-12 Ci. Parameter analyzed in water samples included: 

1 
• Gross alpha 

• Gross beta 
• Radium-226 

• Lead-210 
• Polonium-21 0 
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Jackpile~Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

For these parameters a range is presented as +/-, this range basically represents 
background radiation or potential error within the 95-percentile. A negative value 
indicates that background is higher than the radiation emitted. Although important, when 
evaluating radionuclides and emissions, the error is ignored. Exceedances to standards 
are based on the determined value or concentration with negative values being neglected. 

5.0 DISCUSSION OF RESULTS 

5.1 Data Condition 

As mentioned earlier, data were evaluated for the last I 0 years - 1997 through 2006. It 
should be noted that there are complete data sets for years prior to 1997 but these ten 
years were considered the most appropriate for this evaluation. In the evaluation of these 
data sets, there were both positive and negative aspects as presented in Table 5-l. 
Overall, there appears to have been no effort to evaluate the data over the last ten years. 
Data was not organized, laboratory QC/QA was not analyzed, trends were not evaluated, 
and conclusions were not drawn as to the potential hazards groundwater or surface water 
posed to human health and the environment. 

Table 5-2 
Evaluation of Post Reclamation Water Quality Data 

--

Positives Negatives 

• Lab sheets were clear. • Data was disorganized . 

• Analytical methods were explained . • No effort was made by the laboratory or 

• Duplicate samples and QA/QC samples Reclamation Project to perform standard 
were identified quality control and quality assurance 

• Detection limits were for the most part processes . 
satisfactory • Data transfer to logical tables as presented 

• With a few exceptions, all parameters as in Appendix A was sometimes difficult and 
suggested by the Environmental time consuming. 
Monitoring Program were analyzed for • It appears that no effort was made by the 
each year Reclamation project to review the data on 

• Samples were collected consistently during an annual basis to evaluate trends and 
the months of April and May for each year concerns. 

• No Water quality standards were defined in 
the ROD, Monitoring Plan or EIS. 

• No wells were installed in the Jackpile Pit. 

• Ponded water in open pits was not 
sampled. 

• No well in the Jackpile Sandstone 
formation near the downgradient boundary. 

• Water Table Elevation Data were not 
available. 

• Flow, although not required by the ROD 
would be helpful in understanding the 
surface water flow system. 
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5.2 Water Characteristics 

5.2.1 Groundwater 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Oualitv Data Review 

Hydro Geo Chem, Inc. did a complete evaluation of the hydrochemistry of the J ackpile
Paguate Mine in 1982. In their report, they concluded that groundwater at the mine site 
shows a chemical evolution from a calcium-sulfate to a sodium sulfate type. This is 
attributed to cation exchange along the groundwater flow path from the Zuni Uplift to the 
Pueblo of Laguna area. When the water enters the Rio Puerco Fault Zone it mixes with 
more saline waters upwelling from the Permian rocks. Zehner (1985) also evaluated 
groundwater at the mine site in 1985. His analysis indicated that well water that was in 
direct contact with clay and shale are dominated by sodium cations and 
bicarbonate/sulfate anions, whereas water from wells completed in more oxidized clay 
and shale are predominated by sodium - sulfate waters. Wells at the time of the Zehner 
(1985) study ranged in total dissolved solids between 900 and 1,500 mg/L. 

Evaluation of groundwater quality data from the 2005 sampling (the last full set of data at 
the site) indicates that groundwater has evolved over time with sulfate in most cases 
being the predominate anion but with sodium being the predominate cation in pit wells 
(NPOP20E, SPOP-34, and SPOP-35) and in well water from MW-1, MW-5, and MW-7 
which are completed in the Jackpile Sandstone. Wells completed in alluvium range from 
calcium-sulfate type water (MW-4) to calcium-bicarbonate water (MW-3) to 
magnesium--sulfate water in MW-6. These data are summarized in Table 5-l and 
presented in Figure 5-l, which is a Piper Diagram illustrating the chemical analyses of 
water as percentages of total equivalent per liter. Total dissolved solids are also higher 
ranging between 671 mg/L (MW-3) and 8080 mg/L (NPOP20E). 

Table 5-3 
2005 Groundwater Quality (Major Cation and Anion) Summary 

Well Total Dissolved 
Water Type 

Number 
Aquifer Solids (mg/L) Predominant Cation 

Predominant 
Anion 

MW-1 Jackpile SS 719 Sodium Sulfate --
MW-2 Alluvium 3200 Magnesium Sulfate 
MW-3 Alluvium 671.05 Calcium Bicarbonate 
MW-4 Alluvium 1069 Calcium Sulfate 
MW-5 Jackpile SS 1359 Sodium Sulfate 
MW-6 Alluvium 2460 Magnesium Sulfate 
MW-7 Jackpile SS 665.91 Sodium Bicarbonate-= 

..l'Jl'OP20E Fill 5360.5 Sodium Sulfate 
NPOP20W Fill 8080 Magnesium Sulfate 
SPOP-34 Fill 1329 Sodium Sulfate 
SPOP-35 Fill 2637 Sodium Carbonate? -
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Figure 5-1 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

Piper Diagram- 2005 Groundwater Jackpile-Paguate Reclamation Project 
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Finally, trends in total dissolved solids in groundwater samples are quite variable, For 
observation wells outside the pit, total dissolved solids (TDS) generally have slightly 
decreased over the last ten years during post-reclamation as depicted for samples from 
wells MW-5 and MW-6, However, TDS in samples from alluvial wells MW-2 and MW-
4 have gradually increased in TDS over time, These wells are located adjacent and down 
gradient from the pits, With the exception of SPOP34, samples for wells completed in 
fill material in the pits show a downward TDS trend, TDS hevels in samples from 
SPOP34 are slightly increasing, 
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Figure 5-2 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Quality Data Review 

Post Reclamation TDS Trends for Jackpile Paguate Observation Wells 1997-2006 
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Figure 5-3 
Post Reclamation TDS Trends for Jackpile-Paguate Pit Wells - 1997- 2006 
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5.2.2 Surface Water 

Zelmer (!985) concluded that the Rio Moquino contains greater concentrations of 
dissolved solids than does the Rio Paguate. The mean dissolved solids concentrations at 
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the time of the Zehner study in the Rio Moquino range from I ,600 mg/L upstream from 
the mine area to I ,900 mg/L just upstream from its confluence with the Rio Paguate. In 
the Rio Paguate the total dissolved solids increased to about 2,000 mg/L. The Rio 
Moquino contained calcium, magnesium, and sodium concentrations in nearly equal 
proportions and sulfate concentrations greater than bicarbonate or chloride. 

Again, looking at the last full set of data from 2005 as illustrated in the Piper Diagram 
(Figure 5-4), there appears to be three types of water. Water samples from the Rio 
Paguate upstream from the mine (URP) and above the confluence (LRP) are calcium
magnesium-bicarbonate waters. Water samples from the Rio Moquino (URM, LRM) and 
at sampling stations on Rio Paguate below the confluence (PM) and at Ford Crossing 
(RT) are slightly more sodium rich with sulfate being the predominate anion. 

Figure 5-4 
Piper Diagmm for 2005 Surface Water Samples 
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Total dissolved solids are somewhat higher than those reported by Zehner (1985) with 
TDS concentrations for the Rio Moquino ranging between 2,350 (URM) to 2,960 (LRM) 
and for the Rio Paguate concentrations ranging between 735 mg/L at URP to 2,110 below 
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the confluence at station PM. In general, total dissolved solid concentrations appear to be 
cyclical in nature over the last l 0 sampling periods for both the Rio Paguate (Figure 5-5) 
and the Rio Moquino (Figure 5-6). There does appear to have been a general decrease in 
total dissolved concentrations at all stations except Station URP upstream from the mine. 
Without flow data it is uncctiain at this time as to dilution affects on these long term 
trends. 

Figure 5-S 
Post Reclamation TDS Trends for the Rio Paguate- 1997- 2006 
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Figure S-6 
Post Reclamation TDS Trends for the Rio Moquino- 1997- 2006 
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5.3 Potential Hazards 

5.3.1 Drinking Water 

Jackpile-Paguate Uranium Mine 
Record of DecL\·fon Compliance Assessment 

Water Quality Data Review 

One of the major concerns of the Record of Decision is the potential for contamination of 
surface water and groundwater, due to the mining and reclamation operation, to affect 
human health and post-reclamation land use. In 1989, a study of water quality in ponds 
in the open pits indicated that water exceeded national primary drinking water standards 
for uranium and radium, and secondary drinking water standards for total dissolved solids 
and sulfate, and could not be released into the Rio Paguate. Other studies of both 
groundwater and surface water indicated similar results. 

For this data evaluation, surface water and groundwater analyses were compared to US 
EPA Maximum Contaminant Levels (MCL) for drinking water (Tables 5-3) and National 
Secondary Drinking Water Standards (Table 5-4). MCLs are defined by Primmy 
Drinking Water regulations pursuant to section 1412 of the Public Health Service Act, as 
amended by the Safe Drinking Water Act (Pub. L. 93-523); and related regulations 
applicable to public water systems. Secondmy Drinking Water Standards outline levels 
of aesthetic drinking water quality relative to the public acceptance of drinking water. At 
very high concentrations of these contaminants, health implications, as well as aesthetic 
degradation, may also exist. These regulations are not federally enforceable but are 
intended as guidelines. 

As mentioned earlier, concentrations of parameters which exceed either MCLs or 
NSWQS are highlighted in Appendix A with exceedances of secondmy standards in light 
gray and MCL concentrations in light blue. Based on this review, the following 
parameters are of primary concern: 

Secondary Water Quality Standards 

• Total Dissolved Solids -nearly all smnples both surface and groundwater exceed the 
Secondmy Water Quality Standard of 500 mg/L 

• Sulfate- most surface water and groundwater exceed the Secondary Water Quality 
Standard of 250 mg/L 

• Manganese- several exceedances of the secondmy standard of0.05 mg/L during the 
10 year monitoring period for both surface water and groundwater. These included 
(number oftimes exceeded are in parentheses): MW-2 (10), MW-3 (3), MW-6 (7), 
SPOP35 (6), NPOP20W (10), NPOP20E (10), RT (2), LRM (5), LRP (6), PM (7), 
ANDURP (8). 

• pH- Two samples were non-compliant, one from URM and the other from SPOP34. 
~ 

Primary Water Quality Standards (Maximum Contaminant Limits) 

• Fluoride- Concentrations exceeding 4 mg/L were found in all samples taken from 
MW-1, an upgradient well. 

• Lead- One excursion of the standard of0.015 mg/L of was found in MW-1 
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• Arsenic- One sample from MW-4 exceeded the standard of0.01 mg/L. 
• Gross Alpha- Several samples exceeded 15 pCi/L. These included (number of times 

exceeded are in parentheses): MW-1 (!), MW-2 (9), MW-3 (6), MW-4 (9), MW-5 
(3), MW-6 (8), MW-7 (4), SPOP35 (9), SPOP34 (9), NPOP20W (9), NPOP20E (9). 
Of primary concern are samples taken from pit wells which ranged between 8,966 to 
over 67,000 pCi/L ofNPOP20E, 280.7 to 707.71 pCi/L for NPOP20W, 1,022 to 
54,000 pCi/L for SPOP35, and 55.59 to 1,430 pCi/L to SPOP35. 

• Uranium- Like Gross Alpha, numerous samples exceeded the MCL of 0.03 mg/L. 
These included (number of times exceeded are in parentheses): MW-1 (1), MW-2 (9), 
MW-3 (8), MW-4 (9) MW-5 (3), MW-6 (9), MW-7 (4), RT (9), LRM (9), PM (8), 
URM (5), URP (5), Lake (2), NPOP020W (9), NPOP20E (9), SPOP34(8), and 
SPOP35(9). The Paguate Reservoir is a public recreation area used for fishing. 

• Radium 226- Fewer samples exceeded the standard of 5 pCi/L. No surface water 
samples were above the standard. Groundwater wells exceeding the standard 
included (number of times exceeded are in parentheses): MW-1 (1), MW-6 (!), MW-
7 (4), NPOP20W (1), NPOP20E (8), SPOP034 (8) and SPOP35 (8). 

Again, wells completed in fill were of most concern with samples from NPOP20E 
ranging between 23.5 and 65.69 pCi/L, SPOP034 ranging between 5 and 62 pCi/L and 
SPOP35 ranging between 1 1 and 45 pCi/L. 

Table 5-4 
National Maximum Contaminate Levels (USEPA, 2002) 

Inorganic MCL Potential Health Effects from 
Chemicals 

mg/L Ingestion of Water 
Sources of Contaminant in Drinking Water 

Contaminant 

Arsenic 0.010 Skin damage or problems with Erosion of natural deposits; runoff from orchards, runoff 
as of circulatory systems, and may have from glass & electronics production wastes 

01123/06 increased risk of getting cancer 

Barium 2 Increase in blood pressure Discharge of drilling wastes; discharge from metal 
refineries; erosion of natural deposits 

Cadmium 0.005 Kidney damage Corrosion of galvanized pipes; erosion of natura! 
deposits; discharge from metal refineries; nmofffrom 
waste batteries and paints 

Chromium (total) 0.1 A1Jergic dermatitis Discharge from steel and pulp mills; erosion of natural 
deposits 

Copper TT; Short term exposure: Corrosion of household plumbing systems; erosion of 
Action G<~strointestinal distress Long natural deposits 

Level"' 1.3 term exposure: Liver or kidney 
damage People with Wil~on's 
Disease should consult t )Cir 
personal doctor if the amount of 
copper in their water exceeds the 
action level 

Cyanide (as free 0.2 Nerve damage or thyroid Discharge from steel/metal factories; discharge ffom 
cyanide) problems plastic and fertilizer factories 
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Inorganic 
MCL 

Chemicals mg/L 
Contaminant 

Fluoride 4.0 

Lead 0.015 

Mercury 0.002 
(inorganic) 

Nitrate 10 
(measured as 
Nitrogen) 

Nitrite (measured I 
as Nitrogen) 

Selenium 0.05 

Alpha particles 15 
picocuries 
per Liter 
(pCi/L) 

Beta pm1iclcs 4 millirems 
and photon per year 
emitters 

Radium 226 and 5 pCi!L 
Radium 228 
(combined) 

Uranium 30 ug/L 
as of 

12/08/03 

OA Systems Corporation 

Potential Health Effects from 
Ingestion of Water 

Bone disease (pain and tenderness 
of the bones); Children may get 
mottled teeth 

Infants and children: Delays in 
physical or mental development; 
children could show slight deficits 
in attention span and learning 
abilities, Adults: Kidney 
problems; high blood pressure 

Kidney damage 

Infants below the age of six 
months who drink water 
containing nitrate in excess of the 
MCL could become seriously il! 
and, if untreated, may die. 
Symptoms include shortness of 
breath and blue-baby syndrome. 

Infants below the age of six 
months who drink water 
containing nitrite in excess of the 
MCL could become seriously ill 
and, if untreated, may die. 
Symptoms include sh011ncss of 
breath and blue-baby syndrome. 

Hair/fingernail Joss; circulatory 
problems 

Increased risk of cancer 

Increased risk of cancer 

Increased risk of cancer 

Increased risk of cancer, kidney 
toxicity 

18 

Jackpile-Paguate Uraniwn Jvfine 
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Water Quality Data Review 

Sources of Contaminant in Drinking Water 

Water additive which promotes strong teeth; erosion of 
natural deposits; discharge from fertilizer and aluminum 
factories 

Corrosion of household plumbing systems; erosion of 
natural deposits 

Erosion of natural deposits; <lischarge from refineries 
and factories; runoff from landfills and croplands 

Runoff from fertilizer use; leaching from septic tanks, 
sewage; erosion of natural deposits 

Runoff from fertilizer use; leaching from septic tanks, 
sewage; erosion of natural deposits 

Erosion of natural deposits; discharge lil)Tl1 mines 

Erosion of natural deposits of certain minerals that arc 
radioactive and may emit a form of radiation known as 
alpha radiation 

Decay of natural and man-made deposits of cert11in 
minerals that arc radioactive and may emit forms of 
radiation known as photons and beta radiation 

Erosion of natura! deposits 

Erosion of natural deposits 
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Table 5-5 
National Secondary Drinking Water Standards (USEP, 2002) 

Contaminant Secondary Standard 

Aluminum 0.05 to 0.2 mg!L 

Chloride 250 mg/L 

Color l 5 (color units) 

Copper l.O mg/L 

Corrosivity noncorrosive 

Fluoride 2.0 mg!L 

Foaming Agents 0.5 mg/L 

Iron 0.3 mg!L 

Manganese 0.05 mg/L 

Odor 3 threshold odor number 

pH 6.5-8.5 

Silver O.lOmg!L 

Sulfate 250 mg!L 

Total Dissolved Solids 500 mg!L 

Zinc 5 mg!L 

5.3 .2 Agriculture 

Another concern of the ROD is the potential for the build up of salts in the bottom of the 
pit. Examination of the electric conductivity (EC) and TDS data indicates that all 
samples taken (in and out of pits) present a high to very high salinity hazard for irrigation 
water according to Table 5-5. 

Table 5-6 
Salinity Hazard (USDA) 

Salinity Conductivity 
(rJmhos/cm) 

Low salinity, no detrimental <250 
effects exl'eeted --

Medium salinity, detrimental 250- 750 
effects to sensitive crops 

High salinity, adverse effects on 750-2250 
many crops 

Very high salinity, suitable only 2250-5000 
for salt tolerant plants 

OA S),stems C01poration 19 

Dissolved solids 
(mg/L) 

<200 
-··-

200-500 

500- 1500 
-

1500- 3000 
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5.4 Quality Control and Quality Assurance 

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water ualit Data Review 

In the evaluation of water quality data, field and laboratory quality control and quality 
assurance measures are of primary concern. The Jackpile Project Environmental 
Monitoring Plan (Jacobs Engineering Group Inc.) goes into detail on how samples are to 
be collected in the field and how duplicate samples are to be used to ensure that the 
laboratory analyses are acceptable. For this review, it is assumed that these procedures 
were followed. Even though duplicate samples were taken, it is not apparent that these 
data were used anytime during the ten years of post reclamation monitoring to check on 
the accuracy of the lab. In addition, cation-anion balance calculations were not 
performed. These are good indicators of the validity of the laboratory data by equating 
the percentage of cations and anions in meq/L. The value should be within 5%. As a 
spot check of the data, cation-anion balances were performed for each of the samples. 
Table 5-6 presents the results of this review. 

Table 5-7 
l'ost-reclamation Sample Evaluation - Cation-Anion Balances 

Sampling 
1997 1998 1999 2000 2001 2002 

Point 

Iv!W -1 12.8 3 1.9 3.6 7.9 10.8 ---- - -
Iv!W-2 
~---

6 l 0.2 6.9 8.2 7.8 
Iv!W-3 ---'-'--- 1.4 18 1.4 13 13 12 
Iv!W -4 1.2 17 10 6 11 8 
Iv!W -5 0.8 0.8 __]_ 4 -- 8 10 

~-6 --1---1_2__ 1.3 1.2 ---o.4 6 6 
Iv!W-7 4 7 3 12 0.67 11 

__§_W-RT 1.8 6.9 0.5 9 14 5 
SW-LR!v! 6 2.5 9.7 18 II 6.3 -----
SW-LRP 

---"-"- 1.5 2.3 6.2 7.6 9.1 36 
SW-Plv! 0.5 10.2 2.6 5.1 7.4 6.9 --SW-UR!v! ___ ---

1.9 0.2 1.3 5.9 10.2 6.7 r-:---
8.2 8.2 8.9 SW-URD 2.3 12.5 12.9 

SW-LAKE 2.2 9.3 
SPOP0-35 31.8 21.5 18.1 0.31 4.9 4.6 

SPOP-34 2 6.6 3.6 9.6 5.2 7.6 
NPOP20W 61 13 6.1 1.2 8 4.3 
NPOP20E 23 52 49 2 9.8 6.4 

,-------
J:]_llacceptable Bold > I 0% cation-anion balance 
Marginal Italics > 5% and <~ 10% cation-anion balance 

Acceptable Regular < 5% cation-anion balance 

The results of this analysis indicate the following: 

25% Unacceptable 
33% Suspect 
42% Acceptable 

> 10% cation-anion balance 
> 5% and <= 10% cation-anion balance 
< 5% cation-anion balance 

2003 2004 2005 

4.9 3.7 __ __l.§_ 
10.1 1 1.3 

30 2.1 3 
35 0.3 2 --

7 2 3 
3 8 1.3 

10 6 _1_1__ 
19 3 0.02 

14.5 3.2 5.4 
13.6 1.7 5.4 
11.3 3.8 2.1 ---

1.2 5.5 0.9 
15.9 4 6.1 -----'":--
1_8.1._ _11,~ -~ 
4.4 5.2 34 
6.6 3.6 22 

14.9 5.6 3,£. 
4.3 3.4 2.6 
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Having only 42% in the acceptable range is a point of concern for the accuracy of the 
analytical data. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on this review, it is concluded that the intent of the ROD was met, but there are 
some rather large data gaps and conclusions cannot be drawn as to environmental impacts 
and long term health risks associated with the closed mine. 

1 As presented in Table 5-1 and repeated below in Table 6-1, the condition of post
reclamation water quality data had both positives and negatives. Most 
importantly, it is apparent that over the last ten years no one appears to have taken 
responsibility for the data. Without a responsible party, it would be impossible to 
develop an understanding of the data and determine if any further corrective 
action would be required. 

• 
• 
• 

• 

• 

• 

Table 6-1 
Evaluation of Post Reclamation Water Quality Data 

Positives Negatives 
-;:c:---;:--

Lab sheets were clear. • Data was disorganized . 
Analytical methods were explained. • The lack of standard QA/QC being 
Duplicate samples and QA/QC performed on the laboratory results, 
samples were identified resulted in suspect data. 
Detection limits were for the most • Data transfer to logical tables as presented 
part satisfactory in Appendix A was sometimes difficult and 
With a few exceptions, all parameters time consuming . 
were analyzed each year, as suggested • It appears that no effort was made by the 
by the Environmental Monitoring Reclamation project to review the data on 
program an annual basis to evaluate trends and 
Samples were collected consisting concerns . 
during the months of April and May • No water quality standards were defined in 
for each year the ROD, Monitoring Plan or EIS. 

• 
• 

• 

• 

No wells were installed in the Jackpile Pit. 
Ponded water in open pits was not 
sampled. 
No well in the Jaekpile Sandstone 
formation near the downgradient boundary. 
Water table elevation data were 
incomplete. 

• Flow, althopgh not required by the ROD 
would be helpful in understanding the 
surface water flow s stem. 

-----------------------"--~~. 

The four data gaps 1) the depth to water measurements were reportedly recorded, but the 
record of those depths was incomplete, 2) the Jackpile pit wells were not installed until 

OA Systems Corporation 21 November 2006 I Updated June 2007 



05000205

Jackpile-Paguate Uranium Mine 
Record of Decision Compliance Assessment 

Water Oualitv Data Review 

2007, 3) the ponded water was not sampled and analyzed until 2007, and 4) a 
downgradient boundary well in the Jackpile Sandstone was not installed (the Jackpile 
Sandstone is reportedly not present at the boundary), collectively represent a major 
deviation from the ROD and is therefore, non-compliant. 

2. Several analytes exceeded primary and secondary drinking water standards at 
most sampling stations. Parameters of concern included: 

Secondary Standa1·ds 

• Total Dissolved Solids- nearly all samples, both surface and groundwater, 
exceed the secondary of 500 mg/L 

• Sulfate - like TDS - most surface water and groundwater exceed the 
secondary standard of 250 mg/L 

• Manganese- several exceedances of the secondary standard of 0.05 mg/L 
during the l 0 year monitoring period for both surface water and 
groundwater. These included (no. of excursions are in parentheses): MW-
2 (10), MW-3 (3), MW-6 (7), SPOP35 (6), NPOP20W (10), NPOP20E 
(10), RT (2), LRM (5), LRP (6), PM (7), AND URP (8). 

• pH - Two samples were in non-compliance, one from URM and the other 
from SPOP34. 

Primary Standards (MCLs) 

• 

• 
• 
• 

• 

• 

Fluoride - Concentrations exceeding 4 mg/L were found in all samples 
taken from MW -1 
Lead-- One excursion of the standard of0.015 mg/L was found in MW-1 
Arsenic- One sample from MW-4 exceeded the standard of0.01 mg/L 
Gross Alpha- Several samples exceeded 15 pCi/L. These included (no . 
of excursions are in parentheses): MW-1 (1), MW-2 (9), MW-3 (6), MW-
4 (9), MW-5 (3), MW-6 (8), MW-7 (4), SPOP35 (9), SPOP34 (9), 
NPOP20W (9), NPOP20E (9). 

Of primmy concern are samples taken from pit wells which ranged 
between 8,966 to over 67,000 pCi/L ofNPOP20E, 280.7 to 707.71 pCi/L 
for NPOP20W, 1,022 to 54,000 pCi/L for SPOP35, and 55.59 to 1,430 
pCi/L to SPOP35. 
Uranium - Like Gross Alpha, numerous samples exceeded the MCL of 
0.03 mg/L These included (no. of excursions are in parentheses): MW-1 
(!), MW-2 (9), MW-3 (8), MW-4 (9) MW-5 (3), MW-6 (9), MW-7 (4), 
RT {9), LRM (9), PM (8), URM (5), URP (5), Lake (2), NPOP020W (9), 
NPOP20E (9), SPOP34(8), and SPOP35(9). 
Radium 226 - Fewer samples exceeded the standard of 5 pCi/L No 
surface water samples were above the standard. Groundwater wells 
exceeding the standard included (no. of excursions are in parentheses): 
MW-1 (1), MW-6 (1), MW-7 (4), NPOP20W (1), NPOP20E (8), 
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SPOP034 (8) and SPOP35 (8). Again, wells completed in fill were of 
most concern with samples from NPOP20E ranging between 23.5 too 
65.69 pCi/L, SPOP034 ranging between 5 and 62 pCi/L and SPOP35 
ranging bet ween II and 4 5 pCi/L. 

Agricultural 

• Based on the salinity results alone, the groundwater appears to be 
unsuitable for irrigation and stock watering. 

• Only 42% of the analyses had cation-anion balances within acceptable 
range. This leads to a concern on the accuracy of the laboratory. 

Based on these observations, the following recommendations can be made: 

l. Install and sample Jackpile pit wells. 

2. Install a well in the J ackpile Sandstone formation near the boundmy (near MW -6) 

3. Sample ponded water within the pits. 

4. Monitoring should continue for a least one more year. Parameters which should 
be monitored include field parameters, major cations and anions, manganese, total 
dissolved solids, arsenic, fluoride, lead, gross alpha, radium 226, and uranium 
(total). 

5. With the completion of sampling, the accuracy of the data should be evaluated. 
The laboratory should be required to perform cation-anion balances and if not 
within an acceptable range the samples should be redone. 

6. A risk assessment should be performed to determine the potential hazards and 
risks of the high levels of gross alpha, radium 226, and uranium in most samples, 
especially in the wells in fill material. 

7. The compliance boundmy needs to be defined. 

8. With both surface water and groundwater samples showing some level of 
contamination, an evaluation should be made to determine if any contaminants 
have migrated beyond the compliance boundmy. 
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MONITORING DATAEV ALUA TION TABLES 
1996-2007 

(On CD-ROM) 
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ANALYTICAL METHODS 

-:o--,-------:::----c---·-------;:-;--------,.---,-:-:-~-.-----
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ANALYTICAL METHODS 

ANALYTE TEST 

Total Dissolved Solids EPA 160.1 
Fluoride EPA 300.0 

pH EPA 150.1 
Alkalinity, Total EPA 310.1 
Alkalinity, Bica_rbonate '-~PA 310.1 
Alkalinity, Carbonate EPA310.1 
Sulfate EPA 300.0 
Chloride EPA 300.0 
Orthophosphate, as P EPA 300.0 
Nitrate, as N EPA 300.0 
Nitrite, as N EPA 300.0 

~-onductivity EPA120.1 ----
Cyanide, Total EPA 335.2 ISM 4590 Cti:f__ 
Selenium, dissolved EPA 200.8 ICP-MS 

_rvlolybdenum, dissolved EPA 200.8 ICP-MS 
Zinc, dissolved EPA 200.8 ICP-MS 
Magnesium, dissolved EPA 200.8 ICP-MS 
Calcium, dissolved EPA 200.8 ICP-MS 
Barium, dissolved EPA 200.8 ICP-MS 
~ad, dissolv~cJ_ ______ . EPA 200.8 ICP-MS 

Manganese, dissolved EPA 200.8 ICP-MS -
_ Potas.sium, dissol_11~_d __ 1-~PA 200.8 ICP-MS 
Chromium, dissolved EPA 200.8 ICP-MS 
Cadmium, dissolved EPA 200.8 ICP-MS 
Arsenic, dissolved EPA 200.8 ICP-MS 
Vanadium, dissolved EPA 200.8 ICP-MS 
Sodium, dissolved EPA 200.8 ICP-MS 
Silver, dissolved EPA 200.8 ICP-MS 
Silica, as Si02 EPA 200.8 ICP-MS 
Mercury --·-- EPA 245.1 CVAA -
Gross Alpha EPA 900 
Gross Beta EPA 900 
Radium-226 903.1 
Polonium-210 ASL 300 Po-01 
Total Uranium 908 --
Lead-210 ICHROM 
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1.0 INTRODUCTION 

This addendum addresses the water quality data received by OAS after the OAS Water Quality 
Data Review that was completed in the Fall of2006. This addendum supplements the OAS 
report "Jackpile-Paguate Uranium Mine Post-Reclamation Water Quality Review". 

2.0 SAMPLING POINTS 

• Initially, no wells were installed in the Jackpile Pit. This oversight was corrected in 
2007 when two wells were placed in the Jackpile-Paguate pit fill material. 

• The ponded water in the open pits was sampled for the first time in April 2007, when 
the pond in the North Paguate Pit was sampled and analyzed. 

• Additional rounds of sampling were also conducted in 2006 and 2007 at the historic 
surface and ground water sampling points. 

3.0 QUALITY CONTROL AND QUALITY ASSURANCE 

The same conclusions regarding QA/QC that were presented in the Water Quality report still 
hold. Namely; there are many qualifiers (approaching 40%) in the reported laboratory data 
reports, the cations and anions are often out of balance, and there needs to be a thorough quality 
review of the reports and the laboratory QC. 

4.0 CONTAMINANTS 

The last two sequences of monitoring indicate the Total Dissolved Solids trends no longer hold. 
Several wells that had downward trends are now trending higher in TDS. The comparison of 
data to the Primary and Secondary Drinking Water Standards is updated to include the reporting 
years 1996 through 2007: 

4.1 Primary Drinking Water Regulations (Maximum Contaminant Levels) 
• Fluoride - Concentrations exceeding 4 mg/L were found in all samples taken 

from MW -1, an upgradient well\ 
• Lead- One excursion of the standard of0.015 mg/L was found in MW-1 
• Arsenic- One sample from MW-4 exceeded the standard of0.01mg/L. 
• Gross Alpha- All surface waters, groundwaters, and pit wells had exceedances of 

the Gross Alpha MCL except for the reservoir. Many had exceedances for each 
sampling period. 
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Gross Alpha Exceedances of the 15 pCi!L MCL 

Location #samples Range 
> 15 pCi/L - - "' -

Groundwater 
MW-1 1 of9 ND 17.33 
MW-2 10 of 10 12.51 97.67 
MW-3 6 of9 31.92 104.85 
MW-4 9 of9 20.99 202.3 
MW-5 3 of9 ND 23.94 
MW-6 9 of9 ND 118.72 
MW-7 4 of9 9.11 40.63 

-
Surface Water 
NP Pond 1 of 1 1468.05 
Railroad Trese! 10 of 10 37.59 214.33 
Lower Rio M 7 of 10 16.62 53.05 
Lower Rio P 6 of 10 2.24 106.22 
P-M Confluence 8 of 10 11.19 94.03 
Upper Rio M 2 of 10 ND 35.11 

\I! 1 Upper Rio P 1 of 10 ND 25.53 
, Lake/Reservoir 0 of6 ND 3.04 

"'rit Wells 
NP-OP- 20 W 10 of 10 159.25 707.71 
NP-OP- 20 E 10 of 10 8965.97 67,278.82 
JP-OP- 41 N 1 of 1 385.07 
JP-OP- 41 S 1 of 1 323,803.05 
SP-OP-34 10 of 10 74.09 1490.91 
SP-OP-35 10 of 10 1022 7385.57 

""" " --

• Uranium- All Surface waters, ground waters, and pit wells had exceedances of 
the total uranium. Many had exceedances for each sampling period. The 
Lake/Reservoir is a public recreation area used for fishing. 

Table 4-2 
Total Uranium Exceedances of the 0.03 mg/L MCL 

··--:J~~ Location #samples Range 
> 0.03 mg/L 

Groundwater 
MW-1 6 of9 3.87 6.27 
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